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C4blc Alhlrau, BKBOKK, IluHloit. 

Tdrpl> ( >o> 4<il-*A 


T|,U Catalogue and Price U»t supersede* all former wlitioi *. 

We make no deduction from Catalogue Prices- 

Customers ordering tom a distance will P kw* remit by NghlCNd 
letter, express or 1*. O. money order, or draft, made payable to ua. or 
u,e goods Will be sent C. O. 0„ Urn expense of collection to 1* borne 

by Uitt purchaser. 

Small articles can bo Bent by mail, at the purchasers risk, when the 
«*, of postage, one cent for every ounce, is remitted in mldition to the 

price. 

In shipping, our in si ru menu are carefully t w.ckcd in their boxes, 
which again arc placed in packing boxes, as explainer! under - Trau^r- 
M (on of ItMrumeut*," page 22. This insures safest delivery ; ami being 
in conformity with the rules of moat of the large Express Companies, also 
enables »s to express Surveying Instruments as merchandise, thus se- 
curing to our customers single rates. 

We furnish packing lioxos at cost prices. 

Ptcase be careful to mid the Co c six ami State to vour address. 


BEWARE OF IMITATION. 

NOTICE. 


1/ h aj* always been our aim to yMvti before the Engineering profession, Uiroogn 
V *' of tbia Handbook and Catalog n\ a detailed dw-Hplkm and 1 11 u pun lien 
(>f the lab; style* uihI tho more Important Improvement* madu la o»tr histrutm-rda 
hnm tlm* to time, Our objoet in duing thU I* — 

b*r*t„ to (WMjitjiltit our euatomprtl with the |jre*gr**s made its the numufiitiltiro of 
mffei\'nt kind* of Instrument*! so that, iu ordering fmoi a distance, thuy may bo 
3blt Of Instrument brat adapted to their Spoebd wont* ; 

■S - to efciabUtfh om* chdm to the*#* improvement* *# our own, and t by giving 
thr-iu * Wide publicity, to prov»»K tamcrupuloua maker# from ad opting them* u* we 
do ttofc deem It neew^sary to cover ait of them by patent- Wo nro glad to 

wiy that our ^oiJldcnco hi tbe integrity ot .repute blu rmiknra hae been fully JiutitaL 
XevcrtJiel*** it a fact which should to mentioned, that some nJfckara in ever on 
the I'fih ,*hc to adopt new feature in instrument* without giving tfct Inventor any 
** rv * m for Un-iu. So ulteo lA Use momfel&ltce of some of these imitation?, tlut it 
would iw though their manofadtiircrv had simply made mould# in iund of the 
vureou« part*, to pnxure patterns for duplication. 


C L* BERGER & SONS. 


ANSWERS TO CORRESPONDENTS. 


Wo da not exchange BOW, *»r keep frecoiiihhaml Jnsuumeut* of any kind. 

Wo iJu not «oil itmtriimenUua the ItiHUlltkicjU jtlau. 

Style* aud size* of rlu- many kind* of hu^rumeni* enumerated in this catalogue 
eanirei W varied from, alnce all the IUt) 4 »l patterrm from which the different jKirtu 
are mud me made of bin** to insure best and uniform results Any clmng? fm*n 
Itiem i»f ten would entail only extra expense. nm t lead tot he sacrifice of other ami' 
equally important advantage*' without aocuiiog to tl |4 CUBtoirter nay Hinterlid 
benefit* 

TJie combination* pov*jlde with cnch particular typ# of instrument art' printed 
on the page- Apposite It* cut, and as a rule are complete ax to mwtt *mt 

gene nil reqiil re imiitt* 

<>iir jKUnnn will confer it great favor by placing their ordfrrx with on direct. to 
avobt mistake* often marie when third imrtle * tire intrusted with Ultra* hut for 
whK'h we lutairet hold ourxelvo rcftpoiraible* 

W u life a s w ay > glad to ft'CtllVt*, and solicit correspondence regarding our Instru- 
ment* and matters pertaining to them. Till* is. however, often so Wdu in loons — 4 
In liig frequently icj^tUh.ris of matter* already fully explained In our Catalogue 
- a* to become a serious burden on on r lime. rdueo most of it require* our rare- 
fnt jterooital attention. Our friends will therefore confer a great favor If they will 
first read lip the subject ju thU lUftillwk and ('utnlogne when desiring Infor- 
maiton on any point, before writing, a» it li*x been prepared with great care anti 
detail, and fully Illustrated at a Urge expend anft furnished with a full index, 
^ith lire express object of Mtpjikmg/iw far as jiosMble* all the instruction* usually 
required by to tending joirehivM rs. In most jum ui. Ure wished* for cluvltfathm 

will be found fully staled herein. thus saving brfli us and on r correspondent* much 
needless labor. In caw- the Information di -lied U not here given, we will take 
much pleasure in supplying the same to the heel of our ability. 

We especially Invite a careful of those pans giving directions ftutr t r , 

ffatH* (hr Un*m>f*\ ttftlT&pi;. Mild h<nr (t, t*fk* **tr\ of id to < 3 <{ftr*l /*, in* 

a&faueb as a correct underetnudlny of these matters will result in a more pcrmnnmt 
eflicieiK y of the instrument and tire saving ui much valuable lime. 


(Imhicteristlo Pcatum of our hidritim nis. 

1 . SimjdUity In immipulatinn. 

-■ Ughfacss win btnetl with strength. 

Si. Accuracy of division. 

I, Achromatic tcIcM-opc, with high power* 

*>. fetlwi(lti>0jsof iidjuvtiiionts under varying tcntiH'ruhtres 
G. Stiffness; to avoid uu> tremor own lai a strong trlnd. 

7. Fine workmanship throughout, 
s. Ad a pt < d to t rojrfcu 1 coudi I iotas. 

prices I EQUITABLE. 


Testimonials 


pirtrUri Rrvmt, Ct liter t/ Civil */ C^rmrlt UMivtnity. 

A T . V , Afrit m, /leg, 

r | Hrraftt & 9 IVovuGf Court* Uwiun, Mu**. 

4 Vrrtkfi** ■ ■ I* ****** H* m*L p I mi jikiied to Leif Iniimray M tfcceiucfteK* <4 yo*i 

«<inW m InftrvMfll 1 

Wm hi** Wrc i*W» * b *p fliimV* <4 [tntwu at*i Mrtt, ah) <4 iW, virfc t«ti»iit o«m 

rxttlMk** alt 1» >u«r* * e*<etac* uf vrtlcrcumUp am) tAfcctnetra in ffec citEKain 

i*Jr/ff1 m f 1*11 tk ill *ii Mttvi Vmik mk* ikad. 

Th* l 3 Ht diii*yv hYtl w* 1 M 41 K u *4 jroi * an fitdkj* imttunwni in ail Pn}iKi» # Ue& u t* ti# wiiuKie 
i-f iHiut nJ ihclnct, arid ih» uimi^ ney j^rlufnwut nf cl# obfccHv?. 

Vt#y truly p*in. K. A. TOR H TKS* Diteetc* end Ikin, 


*V«i £«-*/&> A*. J P ., Afrit a?, 

C L & $os* t $ IkOYirwe Omit, Khu«, M***, 

n-*lc«tti ■ Vour Uvur td Apt* ft at \. m] Ip nrj^ will *iy th* U K la feU iMnm i W ui}. 
M it* nunbef j c***s Mrum** **4*. h** U*n u«yl a my fold wni-l jirf cr»i«U ttrtmjuMr wwk 

liiilitfliinl. bfjkt Kit my 

Mite*, e*>J- to/' *«'l «M ta> t W wiih ihr nUsAftJ, 4tk«™ all 

U*tt «>T>W t* iMcliMly fitter it to my ctiei Cfttttttf incn*ii t* h « uj « , il * f*bi l«a|; k SlS «J 

■icfe tinJlMoi- 

I V’ 1 r * j y 1 *rLrx<b ntii ncmin^h pr iiei f. 

Vtftic il 4irt>, *kh douUc oppose v<mer*, » far |k<e of w-uk* which 1 hiMJr *mm& wmM wbem 
imb perfect oc*i*<)d£, * 

f « ifdlidrtlc. t mu «nww<»« ie i^i C n|iby wiih rttalin. 

K*%«nnu kml C111.U hnnlly i^it «ilh lhj« wjit, h vhtti ^nkil dnl * W i«i£ in uw ( | u w i> c 

««>• -• - ■ » »h» %ty * itw-^c «<#.«%. , »k. «hc 1 m, mu, ,„ SS £ 2V £ 


talmiH of tie 


*tf iwnr 
lot ut 


*nk, 


in rti-^dihff mImic or tl.t lek* iTic buf^k il itry miuUHc ad] 

tn*d *1wiia »m. UrtSir rrprM#<t MU J«1 In *Jwa any ertOA in uui tn# 

Dim t«bar Mvru.ii> on »w *wL ^ # y ,n M UKb ai>i ..TrVinkrd^t. 

bl««J.*4 kv.' llAiejifckf piir^»cJr ihmwn tU J«* ihii of *]Jii*li*ct4 to ir*i nhrihtf MrickieUwl 
*MiiU boot out ftWMdy Imn/folal, ** « t {| ^ 1 „ |«t (1# n##*, Radi tiair, nllef bunt™ inift 
*«rfl mnh tie JrreJ ihc vtdimry UM ty *itfhu kiltii in nny di 6 c« [M n.y fbil O^inHSw 

umyki k-nl racy and rb# <.| 4 few mimoef only. X wliurtnwi* 

In tbe f m *oik 4 ji« uilji ihU inrtTwntfii « « ntonint tiinrtf . t wdi’* an^e» *ere Ukt n noi ri w i n. 
>1 rtirtcol (k i nl * we ie «uoy ini u4 ** mi K U b no» ntr r 4t*1 <n tf wrr Vd ( v f t ,T 1 _ J " JvJ“ 

aid «■,»* on A ird t! un.,. Were llwn n j ^ ,n«) tr^ nXlb^™^ oXSSLl ^7 
rmmux mzU : inRfe icivt* itfi tauailt 1... in**, Mein i 4 A and K ^erixe« i«i S nwi Jr 

«*****» WHy u** I™* aiai h<o.^ uotnuwm** fW,b ° n ^ V **'**’ 

Vour* irdy* 


A«it* 


E. BTlUf, Oiii ifipicc? Mil Sun ryot. 

A Vowmn M»a>v o# A Atn U 

(w rrfttftfrtt ) 


.6^ 4t^ „ V ^ 

MS H JO 

& *3 


Iftl 

IT. 

£ 

tfep 

1?? 

lit 

m 

* 7 V 


5J 
*° 4 S 

%% 

14 

t* lu 
4S oa 

04 Cl * 


: \l\ 

. m 

n * 

9 

«Sa 

irt 

ti* 

f|S 

<?* 


4 * r W r 

3 + *\ 
& 4 * 
P P 

to 4 S 

ss 


a ., 

o> is 

4J « 
04 07 


i$vi <1/ to" 


1*** 


i^’ *** * y- .iriw/rsfl 

«™* C L. ttMrir R & So^ llm. ***^' C '*'* J * ** 

Um Lkroi he/ b*Tu!in 3ll,J R ™ fliafl <4 IftHfcii wbkk I trooineil trtrsi yw 

‘MlSdS^coSSiS iE - V -4 -tB ™TmV#r 
v Yo„ fre. s Xf bt %'t? tw,n E 3U C ^ 1 H ra DIJ ^ 4 * 

t%=g I di me SS n,. 'its onirml the nuttW 4 4i«; I ataure y^ 

bc^MT i !i i, , t *L-v.rr f t&hh*al tzr thUit ' I W Vi” r 1 ^ V* 104 s#lJ b ^^ra'T i* uimrKCuni, I 

1 can l?t cj^i y rcat i wiikfiit »be aid d a « 1 1 “^F ,l 1 ,f t tc mdoa^wii in i!c*r cx* 

ar.i nt, iv* ,r IBe 1111 * a 4^ !*»« Mb fat e*trondy Mrttitlw, l^h ^o H K iricimjw 

line*, "itn* lr,J o&jcta Men ihrmigb « Afftcnr very clear c^t mid 

,nr " nk - 1 •* =s *, 

! WtoOM d tke tsatnirawi. lOLXl)>cr wrth t L n: « 


C, A, HL'Si'EtL, MibflE Ri^lnctf. 


MVmmm Crmfany, 

^ 6Vrt*^W, XfL’k., Afriftj, /^m 

Mcitn C. I- flirixirr A flnx», 9 1 mvm c < mm, IWifi, Maw. 

t*M! Strat — U’ltk firmur* 1 UN ®*«ttfy 10 1 Sr apkmbl qualitae* of year nunhtr 4 Mini; tranait and 
wnt? iluJigcthW Up IttcMMfirt It ** » Wr «in>« cantcnocxe and wrvkeahle uitlruncat I hiv« o«r 

u*«d awi a* accurate ** My rrf tbr urot ore. irAcrchaiucaVI* feature of tic auxiliary ul.^-uc » an 

adwutage tha* can t«aly be fully aMNtiurd wWre.wa has wwk in »>«H» direeng frwm U> u> to degrrw* 
the rnaapcwalwm autal y«i uk i* ihr Hanfeet am) toughed I Wnc cm handled and *umh ruwh uuw and 
•mar la * nmuUtik immct. 

Vosn truly, F. W. DENTON. Agent. 


Jti Ffrrvc+rrUJt CAiAttuAta ml /W/iv, 

Can/ A* 07, /f/rr 7 //, /Jgty 

C I« ll»»r.r» A liHtnv-, H»u. 

GtWtktsncn l— Am cUi *<* taftmn yen that tranut nunber a (nnuki **aO wtecli I Uuighe of yoar (frta a 
few tm't*fc* af» h*» prm« uka tir*wlw tndrtmcnl in every topext I he gr»iu*t»«t and tclcaime arn 
very tt hiU uttng m ax a level at 'lo wore nccurjie «ork than ** do with the lc*tl* <4 mether turn <4 

pn.J rrpulNUM -Inch are pnrntpally u-ed on tin* mad. 1 hare « %-rge <4 ..lout raghty kihaietrr* (4 work 
here and cm tnatMwVy *ary that I haw kond it t V heel all aroetiri traimt I have rver need. 

V<«m truly, C. H. STRaNAHA N. Koiictt Engineer. 


C. L. Bctutt & Sovx 

»- 


TAuyrr SrAtviff CVrr: K*fHtftri*t. Pxwtm**tA 

//«MMtvi>, ,V. //., Afrit tj, 

Mneai — Amt a long aod urnlwwly taiidarinry r rp tti—Ct nrilla yaur irwtrwmrnt*. it •* your due 
that we make peeper adiMrakilKticW. 

F.lleea yenr. ago we b,.»<h« ana cd 5»ur wwilrf n, ««npktr tianu th*cdr*'*rft. Il Wa been in rvguUr 
Out t.»rcti.i| ii«e with env <!»*««« «%er msec. during flfteea *c»U etecy jrwr Vet. a year am, nt the tune 
olfiei^nl cfewimj; and arijudtsewt <4 our n.ininanu.ny awoemte tutored rsc that In comidrred •• that 
R A B. ttanait aa c*oi an new. And he verified Ok t^inne. In wm* aery good work (fear a ao aeroad in- 
atnitMM) d.nr by loth tmivrll aad mik <4 tic vtofrai* an xnotuth uWn attorn on the »un aoi on Pdam 
to locarw weeldim. ' 

We Have »«1 one <4 yoar dunpy U veU in wore eaaere «ae alout acventm y earn II k«w been baaed 
anl earned <»w .d t»ara ai»i iiad W our «tu«Wnu every year. 4 w nv 4 are ,*?<(*[ to ktt* it tm r**J 
orjsr. AUhmgli iVc opiraon b nle 1 1 tat a ** dumpy *• aa ectlv pxd mouih lor an Wt», l/ublm and load- 
M«ry« gauktKr*. ae law learned to bane great rc.po t i>r that iroJiurncnt. It rrtana* a^ratment with great 
lunoanjy ami Ur a Ueig ttian- i Hir Mndcwea, »a pwllrmaary peadacx. c.omorily A> Uiier work with u than 
with a wyt kwl. 

A alwnter cipcrienca with acenr of your erdinarv trua.iit aa»I wye level* dmoniintn their wngular ex- 
( **nr in gradwaiaons of^kal pewrr. MVaKeliacwt of cperatioti it, ail their paatc. and. a* irxW aicd ahnx. 
•uch klmwr Mtkr trying «tdrti.u> cd aervier that we muukr 4 ur*fa!ity ml r«Vr»rArV/jr> aa ncobk char. 
(Kltfiitk* of All lhal we haw uwd. Vottr inorumenu ctrvive when other*, aiur ko wernce. are pul aaidc 
» an icrcabi corjw for ka iiofortam ore. 

Very truly your*, ROBERT FLETCHER, 


E*jci***riK£ Ptp»rtmrtt % B. .It K X K it AVAraaFw. 

Limcmlm, .VrA, Afrit tS. r&&. 

Mean. C. L llrxcaa A S»«t. Utu. 

Ikmlontfii-Tnaait eutnicr tb. purchased freen yra tk firw <t it< year, km rceei a e d a wry 
thmmuh toe 101! at i* hut jnerier ».> yo* P> etanc that I an thoroughly j.’coei wkk it. !• «r»vaxtr.mo, w»*.J, 
aad every teaperatun it ha* tckl Hi ad/aOmcnt weiL I am particularly pUwvcd wdli it* atdnlity in the 
wtnd, «* lighirio* iih] Ik iltanuu of it* (nd ratios. 

Very ttuly yours. P. T. DAK ROW. 


Ar/frrf»i'i/.t* Sfvst A % a/. r aNry. KJ*rtrj<*l C+*itrm(t 6 m Prfigrtirsvt, 

AVw IVIp Afrit tQ, /Ajp. 

Mean. C L. Fikk«« A S>\* 

lhar regard to the bckmnr cd tku» intfnintewii I baughi ol >ou la*e January. I wooU *ay 

thM *> yet I have ik< Iceu t\U 0. giw theui u»y very catenate trial, lionanrr, aa tar aa 1 k*w t t*H 
ibetn, I find they are all y*u < ! <m tx them. 

Very truly y*m. T. B WHITNKV. JR. 

Parrish Cmat C*Mf*vy, 

C U Hncn « S„». BuMca. / 

r»ewr Vlrmra. -Trxuit nunkr >>*) revei w.’ |y u» la»t Dtccmlcr km keen given a tiorotwh triad uo> 
Aer the mnmu condntm* <4 tl*e anthracVe coal rnno and ha* gi*wa ecce Vre roult*. Ibc a*iiu*taewi» 
h»w been traod tt peachy rod Iweti fs*md cwtect. Ih* gnuluarkn* are tally dotimt and racate rt*i 

Youra rr«|octtu»y, JOHN C. SMVTH. 


( m'nr.'ttttv.i.VA ^.Kiwriair///, Vrfr.i/wV/a* If '*t,r A.\»r/ F.%fi*frri*£ Prfartmrmt , 

Mutt , Afrit yj, j$&' 

C. L fltwytr & Sow, y 1 'rovin e Cmim. Ikntoo. Mm. 

, Metmyoaun W*n«r Bcwnl, since it« organiragiaei in ik>j. hi* purckawd hot* the 

<4 liait A Berger, of wbcoi >«oa are tic auccmaora. iweaty •tumti arid twenty. ore ww le*rV. 

Your* truly, JoHN N. FERGCSON. Avouaid Kngireer. 


Sl-£CIMBX OF RmtTUK OK LaTITUDR OBSERVATIONS 

Il'tfA Atlrviw/miail Trunrit • 


<• 1 tXUSTK ATKD ON PAGF. 1I9 ) 


No. 

.rraus 

Dates (1874). 
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58.13 
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7194 

R9.57 

oo.u 

59.W 

59.07 

r>:4va 



58.02 

50.77 

7233 





fk>ol 

KJ.09 

57.21 

7200 

6S.3C 


' 67.61 

57.91 





57.45 

7301 





r*c:>H 

GT.M 

58.47 

58.51 i 

7313 

SS.M 


57.52 

57.70 

fi’31 





7345 





(T7l^ 

59.84 

59.IM 

60.00 1 

59.58 

7398 

57.97 

58.50 

60.10 

&8.90 

€T» 





7431 




CSI3 

59.49 

<0.24 

59.58 

50.75 

7402 

57.t!.1 

00.80 

01.02 

59.82 

0:61 





7190 




0«l 

59.13 

58.81 

58.23 

58.H3 

7505 

M.no 

59.80 

59.50 

59.00 

69«I 





7500 




t^ti 

58.97 

58.89 

58.80 

58.59 

7598 

57.89 

57.70 

58.92 

58.19 

70211 








7066 

81.1! 

59.17 

58.65 • 

59.01 

ttM««Jlb 

58.53 

59.02 

63.76 



£4**4 lilting L*utmWt v>* tor a«r 70 j o M2. 

Probable orror of a nwult JO".83 . R. I\ AUSTIN, Omkbtkb. 


~ .... , . P!ym**ek t Alta , (V/. /«! 

.r Wft -*T 7 * J-haturr to oil M MUfltlo* «0 *«m UMXp»ct««f rr^.Il* Aim. »n 

• with thet-tnch tririii • Lalriy made l *f MM wr ll« M4*uihu^i'« To|«>cNL:likjl Sumr l’*/onih»kn. A 
!>tn* *»T*» Hemrg !%•»»!— <ta tU zn< U Kyaxuihard RnntU6ieC(M.>^t « levied, all the at«Wt 
wtrt r+tmr<4 inter ncarh the umf oud/ww <4 I*ht and tcmpcraiur*. The mUnniiM « 1* (inrtcctcd fm* 
«u» Riih a urjfs «m»t unltrik 

Tt* methyl friUmvd in okmrtwnt, *a* to *rt the (oKsun^t at o* and then repeal tLr arttW' times • 
Thra the wHitr at«fe wa. wnum! to the un* diredua with unr number of 
repetcv.cn -thus nl,i K the cade. The tn>df at*Je m then cerrccted by cnr-hslt the eme <4 t>^ filirtr . J 
Aeorc^ r>'Of» the vraht to the arr^lr r4 it peentittp. J llicti act it ^>0 and repeated :t»; <.<rxJb3n — * t 
*c«ors[or.jxjg sketch. The other t*u at«k» <4 the triangle *«tc treated in the vatic trainee.* * 
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T nangla. 

$**«• 2/ 2^,1 

f^SL , <* W .9 

v» Board . , . . , 7D (0 (O i 
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lk*ir Sir*: — For ninny year* I have boon of tin* opinion, reasoning n priori „ that 
tin* limit of |>nM?l»km attainable in the ordinary field nitrations of the civil en- 
Klit<o«*r might be nUalnod, other tiling equal, n # well with u *mall a* with a largo 
ln&tnmi»*nt. 

This opinion id confirmed by the results of dome recent experiments with in* 
dtruiiicuU of your make, to which I tdiail now call y<»ur attention. 

For several week* I have Ikh>h engaged in the design anil construction of an ni* 
puralifc* for determining the exact equivalent foci of lease*. This ujtjuinitu* In* 
elude* a collimating tdc*cope. in the tirindpal focu* of which uro t wo vcrtbul linen; 
cnwl the accuracy of the remit* obtained with it depen U upon tin* iceumiy of the 
moa.Mir« iu.>nt of the angular distance between th*^e Hues viewed through the 
ei dll inn tor objective. 

The first »erie» of measurement* of tht* angle watt mad" with my 4-in. theodolite 
built by you several yeuiw ago. ThU instrument, dwcriM in your catalogue a* 
•• No. 4a, hn» a horizontal circle gradunbsl to In? rend to V of nro by two cquidU- 
i-iiit vernier* ; but It I* eiuMly read toar by estimation. A* to It* general design 
and work mao> hip, there are no cliangc* I should wish to Itavo mod*. 

The first derled of measurement* of the '• collimator angle ** were made In the 
following nmnner: vernier A wn* *ct at the (P gniduatloii of the limb, and twenty 
tM’la of twelve rej>etitlr>n* oach (six direct and six reversed) were taken in the dinsv 
tlon of increasing reading*. This covered the limb up to anil the rebutting 
mean angle was 1° 14* 27. 4ir 

by the second scries. the collimator angle wo* again determined by pnvisely 
similar men* u remen t* using tin? 8du. theodolite built by you for the Massachusetts 
board of Harbor Commissioner* In 1H77. 

The horizontal circle of tliU instrument In graduated to Ik* read to |0'«f are by 
two equidistant vernier* ; but It b easily read to 5" by estiuiathm. The resulting 
mean angle l* i* 14' 27.G6 tr , differing only 0. 17 w from the mean angle obtained with 
the 4dn. theodolite. 

The angle* resulting from oach *et with both Instrument* aiv arranged side by 
side in the following table; 
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The probnble error of the mean angle with No. 151. ad computed by tin? method 
of lea*t squares. Is ±0.15". After the observation* were finished as above. Sect* 
VI. wa* repeated with No. 151, tin* resulting angle being exactly the same. I am 
Inclined to think that the small variation^ between the angular values resulting 
from each *et are due to the graduation rather than !<• error* In pointing. In any 
ease, they ar© certainly well Inside of wbut might reasonably bo looked for lu the 
best Inetniment of its eize. Very truly, 

FttAxrw Hr a k r, 

Jjltr .tsMiAfirnt f'. .S. Surc^f* 
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Me*«r*. O L BiKOKx4Som.-ltlaielr became nwy^r) for me to buret the angle at 
lV,w<!crhom * * bctwt^n Ifc^tou Slate Himae And Governors Inland »•>. I hml the m*. 
inch transit, So. 10S5, lately constructed by your lima. I give you the resultant 
flgueva ‘ — 
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Tho Apparent .ilacnrpancy wa* found to bo cauerd by the fact that the pole atGom* 
nor a IhLuh! *© wa* three indict off the centre in a line toward* Karoey © ami the true 

TS Cfn T'^ ™‘ r ‘ "' ,U w “ b - T «»W manipulation of ,hr transit, 

jT "S h w,,h »n atnbn-ll*, ami protecting iu adjustment* from all jars by tb« mart 
delicate handling after St left your shop, J 7 on 

Your* truly, 

Jons N. McCuxtocs, A. M. 
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merit*. Iih ^f/hffiltdntiti? tran, k *»lnJ roe to inform von of iu 
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"tUdn k^ tUu one m nu^^f !l5E3^ y ° n * * tP,,ar merldUn * »» d always chfdted 
11 one minute of an. and hare ncrer spent one minute adjusting it. 
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F. L. Bioolscom. 
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PREFACE. 


T JIE Instruments enumerated in this Catiiii^ue, and diucribed in the Mann*], 
an? all of our own design and regular manufacture. Full supplies of Engineer** 
and Surveyors’ Instruments will be kept on hand. The demand, however, 
la at time* great a* to exhaust our supply. To secure an instrument lit season, 
jt it beat to order it from four to eight weeks in advance of its intended use, In- 
strument* varying from our customary designs, or those of rare inquiry, will be 
made to order only. 

While the illustration* given repmonl the instrument* as they Have been mode 
bv us, we nevertheless make change from time to time, as experience and the 
progress of engineering show them to be desirable. 

Out kmg experience in the manufacture of Engineering and Astronomical 
Instruments, enable* us to unite in our Instriimrute the high accuracy and fiobb 
of the European maker*, with the lightne&t combined with fttadimm, 

practicability and portability required by American engineers. 

Having three writ**] nipped automatic dividing engines, with circles 2. ii|, and 
S feet la diameter (the last-named built by the late J. 11. Temple, of IkiMou. 
Mm*.)* we are enabled to make graduation* of rare excellence. We also have a 
machine for engraving the figures, etc-, on our circles and plates* Our adj rating ep* 
paralui, consisting of nine collimators, for the purpose of testing our lenses, and lot 
correcting and adjusting the tel*±*xjpes etc., and isistrutnenU of our manufacture* 
marks a new epoch in the manufacture of accurate Engineering and Surveying 
Instrument** With the aid of this, we can U *l our inetnmietitft in no thorough a 
manner as only the most rigid tests in the field could reveal. In Hit possession of 
an apparatus of this kind, we believe, we stand entirely akme, here or abroad. It 
is the invention of Mr. C, I- Berger of this firm* 

A careful selection of skilled workmen. Increased facilities of steam power, ana 
the application of the must approved toot* and machinery, enables us to offer at a 
moderate cost a very aupnrior article. We make no pretence at manufacturing 
cheap Instrument*, — our price* are ns low as Is consistent with thoroughness of 
workmanship and the best material 

Thrirtkp IxsTRPKKXT*. — IV* have niuk and do make Scientific ltiMru- 
meuta, such a& Catbctometeis Spectrometer, etc., hut owing to the somewhat 
limited demand, and the fact that their manufacture entails chiefly the employ* 
incut of hand labor, for this reason wo And that we cannot produce them of equal 
quality and oompleteueae at prices prevalent with best makers in Europe. In 
order, therefore, to enable customer* and scientific institutions to procure these :i> 
itrument* at the lowest prices, we are giving our social attention to their ijnjtor. 
lotion. We refer more particularly to those used in the higher branches of 
Gecxlefty and AMronomy. When a greater demand for such instruments exist*, jus- 
tifying the introduction of special tools and machinery for their manufacture in 
numbers w* wfll make ottr own design* and improvements, and incorporate them 
iii our regular lino of manufacture. These instruments we can import to the 
order of school* and college* free of duly. Approximate co*l will be given on 
application* 


C. L, BERUBE & SONS, 




The Collimator Apparatus for tfutinp Objfctivci* oad adjusting 

T^idscopc^. 


The Collimator Hied for testing Objective# of larger Tolcacope^ 


r, [„ Rcrffcr Son#* Auxiliary A|>|Miriitii#. 

|? w 4 (|inl»| th*- ^utrprlbft of lh*lr *>r I'rw^liirt. 



Ttifl tchscope of t,ll? tr* n dt wwrutil both tint eye him! object end*. ami U 
■iKiroiiJfbly Iwifiwocfsd when focuaaed for a meaiulkUncer 

* Yhtf tel^^F ^* c wye ami dmnpj l^vvl li alio l^bnenl from th* 

|llt . r of the vertical axis whrn JbCti *** d /or J»r<in dirtaiux and with the j»wn*Made 

Qfjttchfd t° ^ “ 

Spirit-Levels. 

•Hit spirit Leveli used In our InMnuncnuare curcfUUy ground. tilled and tenet! 
■ion. 

J far the highest clast of engineering work are something provided vHUt an 

■or chamber by which the length of the bubble can he itiApktcd according to tern- 
p* rut ore. The Icreli f^rntroitoinktl liiBirtiuivnta have air chamber*. ami are tilled 
nUli ctl^r, bus In Held instrument# ether is not admirable, owing to the high 
degree nf expaiukm ami contrite t ion in that fluid with Chung** of teuipcmui*. 
fu? theac we n*e a composition fluid lliat we have found to lie ntorr ^itdtlr 6 and 
quick-acting than that used in instrument* wo have seen of other limJker®. 

Our lotrOnoinintl level* are go gnmiul that a depreialou through one second of 
ore cause* a displacement of the bubble through about g of an Inch- 'Hie curia* 
gercor p ih*itivcui *i of our fcvtl* for field instrument* we adapt carefully to the 
Instrument* and the kirn] of work to which they arc to W applied. With too sen- 
siilvc it level the position of the bubble would Ik- too uneasy Ui work with, while 
too law a neiudtiveuesa would not reveal the Ml quallth 1 # of an I MBtrument, PtertouB 
ordering Ittstnuaquts of us will confer n favor by stating for what purpose they arc 
Intended, whether for water Work** for railroad*, or for general hm% *0 that wo 
can use our judgment for IheLr liencfit* 

<i radian I or Screw.* 

| iXrnr*fii*n tm Sr f&xxd ritfvrk/rr | 

This 4 attached to the clamp of telescope of all of our tranulu except tiie plain 
transit. This attachment wad flrstt iut rod need I y frssf. Stamp fer, of the Vienna 
Polytechnic School. It does not add to the weight of the hodrmnenc. and once 
u wi we have found it to ho unt vernal ly approved hy our cmcocnera* By mean* of 
U yf-ui' # can W emblilhed, and torfroata* dbiaao*** vrrtital on git* and divert hc** 
Of IrrH ran he measured with great rapidity. Indeed (hi* attachment to an *»- 
gli 'X-r s transit U one of the most useful Introduction* In practical engineering, 
ft b m universal In Its apfdh atiort to railroad and general work, that when once 
«*sh| k tsflj 1 jfoniMnU form on indisprnjihlt part 0/ an da/rarcr- 1 * au^fl. 


Fixed Stadia Wires for Distance Measurements, 

tt> have specially devised an optical and mechanical apparatus for the purpose 
of placing fixed, or uon-adju stable stadia wire* so accurately upon the diaphragm s 
of our ielc*co|ws tluit their distance apart will read V: iw foil any leveling rod, 
a* with tlie gnulleiiter screw, thus dliponslng with a special rod. 

h u well known that adju-dnhle stadia wire* are *u apt to change their dUtanro 
apart with every change ot temperature, tlinr no reliance can lie placed upon them 
uiih -x previously adjusted. With fixed Btadk wires, annoyance* of this kind are 
OUTuitad^-fXrcy or* tv/iaM* tit it If 

A< regards the degree of accuracy attainable by the uw-nf fixed stadia wlffs, 
experiment* with our powerful telescopes T made optically m perfect a® the most 
•dvanced optical and m^rlutiteal skill enables u&* warrant to say that with norno 
experience and proper care the resiiltii obtained will approximate and even eqmd 
“'Hr obtaininl by chain measurement#. Thu price for tills accessory in any new 
instrument is only but if bisortcd Into a telescope sent to ut f<ir t hat purpose^ 
We mi 1st charge *i(M.Kh We advi-c to Order both the gmdrenter #^n>wiinti tins 
stadia ivlrci. a* each in Stself. neptriteljf or jointly, will prove of great value, 

* ^Ojnpfen GfiJ^iiitf for IrvcUnx nilrutKiiU, jm MUndml bf tim in ihe tijB (mx- 

.■* " VcnoctHJ n^> k u nk 1 , b, ticr^xTcr, mrfhjisIcsJUy rr»>rc cd m oia{urc4 wilS our iwi. 

** i/» kKt^lKiiy c€ lictajn ukl xuoipuiiikB. »» Wliew. O** i.wndirfSWT Au^hiKei, u l oer (dauii, 

11 otopmjtd. 

f la >J1 krcx’V, iht conbUnl, which it tf« ihoran} iron] list riaOc of ih* ituar*m*Lt ta a pocM in ftoai 

ri ^ ^ !|W ^ t# l 06 *! l«ath, Im » Wct> fncMartacsi. Th» Ike oseVJnt in w 

lSn <• wrth mmol UUwttf!*, c^tnrs H (he inKtumml, it feet ; uru mKruir^ns, 

,rfCtlin P' i-'S " ,L TiMiit, »m< |% in Ktk t, wktfiijp* jcrtrtiiug, t-*i l**i; umt inuro ir.tr.!, 
f it w:. .je erect led. I# «*jf if-itttti W ft Inrfl, i#i4torp« iho Cvniimt it ltct» 


w 


man 


Tuii^i-ni Screws. 

it ft* made of Aluminum brouxc, or phosphor broui^ and noTueUroc* of gen. 
ftinl area provided with strong syrtny/ ^Jin'iio* of geram, n >4 Ivor, which lake m. 


_. , , , - 1 MmiifC of german silver. which toko u» 

jUI modciul motion, no matter how long the mvreiv muv be in u**, or how worm 
Th^y «re /* ** liable to get out of order. by b|o\\ - or accident*., than nuy or the ** x * 
Umgpmgt nt fnnvis, and require tdtU or oo attention on the port orttMtcnoliiecr 
n care is »« sfoxf ft on cither plate wliea tlie iintmintem i* dumped. ■*> tlmt the kn h* 
oft unaffected* They set and ( timed with ita yiwurt ru**, folk wing dm mo«2 
iimiiaor the flnge-r liixmhtjti^oittjy with mathematical precision, ami do rw* *wnifA 
l.io ftrele in revolving ujitnimort* XX v oorttfilrnt |y recommend tliii form of com 
Mn.rtlon to ttune who have not u W our Inurnment*. a* the bent poe-lbk: m^r. 
todlttjf the usual met hod* by mean* of two opposing ocrewa, or hall unavtit *crow 
fttefcH/ln |ki(i«i of ecu virulence and accuracy, and equalling them in point of stead!* 
litid&i By tuft cun si ruction we an 1 also able to lit our upprrMiid lower circle plutei 
so snugly that it is Impoualblo for (lust to enter between then*. Our leveling Instm, 
mom, liavo thn «t*ni|) and Ui.oent mm «> pl»o«l that tl^r cun be rMcli«ib? 
either Intid whh the same read hit***. ■* 


The Ctiiiijiuss, 

Tho Comp*** drelw arc graduated t^jf degiw* in quadrant* from I >° to Kt* ’ 
The iimlk* lire tua*tc of superior steel, and tempered ait over* A coil of line wire 
attached to tlic* cud point in- South Imbuices the needle for our latitude, w Inch unm 
hr if tin* in *t rum cut is iftcd further north or south of thU latitude, ami | 

i;i net be 1 cot met y reversed If used on the MNJtliem hemisphere of our earth* \i a 
***•& or 910.00 a variation pliito can !*• placed niion our surveyors 1 irmudt P> net ofl 
^ vartotlou of the rxx'rilr for any particular locality. A stationary pointer jun 
Hoove the graduated riugnt the South rud, and protected by the giu*jc«cover ofthe 
coni j itiil tea (Csi tin- line joining tin? i ertlcal plane of the line of eollinmkni of the i 

telcaoope. By menu* «f a milted-headed lutt, also ut the Smith end of compii**, 
Sen* ing krth jft .i handle and as a clamp-screw, the graduated ring mu be turned 
paat this pointer towunU Kim or West a* tltc case may require* 

Tiiivocl. 

liic form wr ad0|K for our fifttruineut* i* an in*provouicnt over w list U com- I 
moldy temwl the “ split leg tripod, iuc^I exfotwlvdy In Euitipe, which unites the I 
Vr+uUrt Mrmyth tth4 MtwtUue** with the fe*£t weight* I he tripmMiead U cast lit a 
jiingic casting, to avoid all suiall screws* as well ms to attain greater stiffness For 
the kgs we ioe the best iUi« gmllird white nsh, tnkihg |Kinlciibr palm, that the 
Wain of tlio wood run* n tho dinctiem of the leg, Tliey am still forther ruardM I 
ugniusL nil possible aotidotiU by lutvtus wooilen tong* Insert at their fop. When ] 
folded, our tripod Is better m hi pud than tint on Unary form, for canrhifF on the 
shoulder w It Ikhil irtitatlng tlw place on which it rests* The g< hm\ qnaiitii's of this ( 
over the ordinary Pound lr- trfpod provldetl as that i* wirli unviuldiugbnft^ cheek* I 
ic» “tighten* the legs* are so preiit tl«t there U but one opinion regarding lu r> il 
advatitagess, and n* ghwfly heur the greater otpmmo fnemvixl hi Etn maun torture* TJm i 
cxiiiT-stecl #he»^H have project I otw for the foot, to aid In \Kv-*s\tm the Um Into tho | 
ground* Our kvck ami trar*hit^ both Jit the maw tri(^l. and ar e of equ«l length. 


Shining TripotL 

Wo have njio adapted to «IJ <uir engineers" ttmnlU the *Am*nv frii 5 r>d or sAffTtoff 
cenfen h.v which, after ao appro aloistc Writing of the tripod, the tnuwk can bS 
Immediately brought over a point cm the ground. Tit 1 b devlrer we al^ attach io 
our iftatnimeiit* with thtvc h vehug te-re w* In a nsotl ptrfoci and iimiilc numciar. 
and without Im|>aintig their stendincs* m»d ponabillty* 1 

Adjustable PluttilKBob. 

\\> foreddi with nil our tronoits a small linuo chain and book, which are 
COtim^teU to the center* of tlie iusinimcnft, Tho coni of the phnnbdwb can b« 
roudlly ittMfol or th ui-hed front tbla book, am! by mean* of a IM U I, small *J»d 
ainiple device (ubo fumkhed with e very ittamimctiU) the plumb-bob can he ad- 
justed over the ground at any height, with hardly any cflbrt on tiie mrt of tht 
engineer. J 


Illumination of Cross* Wires. 

For Sifting ik 4 Tunm 1 Transit 4 . 

*tbU coii*i*t* of * mall hole drilled through thi' immune axis of the irlwnf, 
* n( j nt tavh «md wirh email bUm ]ditu**, to prevent dust entering- tfr^tH*. 
Hyi| % In tlio center <#f tit* u<k*ctt]K' is pieced a iniall wljiiftabta reflector, fry mentis 
tl f « iikh ih* ciw-wirc* can b* veiy rcodflj filnmiiuit^l In tin- mine op tumid fry 
ihu i> 'rii-itlonttf tfre light of a Limp ithu-cdon n email ubh\ whkt] t« jiitjiehcd to 
tue f^ibrEl. 'Hus t liiwp h prov*fol with a ground len>, TM* inHlwd of lUttmW 
n : Lt 1 1 r w iiv- i* too fre^t kftowjt to astronomer# ; it h tlie oa*le*t to operate w ithout 
*-4 p mi ■* or a CfJJUig* of Jiiinp or j«>9lilun of tin? tc1c*co|x*. It can be applied to 
mil our irauidts, 

W**JC*t A tmntymrM! I xitrmMfmU J 


Arrangement for offsetting at ilijrlit Angles. 


Uwiii unscrewing Hid small nijjitatabla refactor Iti the renter of the tcktsconp 
which i* i'\ j'liiinitl hi tlx: foregoing |s*Mgninli, a jwrfeet lino ol sight It ]. ,,j «t right 
I" tl«! t< l.*cwpo. By r imply sighting through the axis, oITm-I* nmy be 
conveniently MtablU bed wit limit disturbing either Mump or telescope when the eye 
in brought ekwit to the inurnment, it* n H >Ueatimi is. however, limii.il to even 
K fOm.L.t I o use it *ii an uneven ground it 5* necessary in plant the eye at it <Mn~ 
«"« <lf twelve or tiftren im h.s from tin- Instrument. ' Tier lend should then be 
moved until the eye I* hi line with the openings of tlie transverse nxls. An offset 
ena Ui-u be aligned irres]>«cUve ofilie height of the instrument 


<J'*ick Leveling Attachment. 

TiiU ive can apply to any of oar Mining anil Meiiiitidii Tram its end Leveling 
Uirtriitiivuu. It add* about 1 lb. to tile weight and SS.tH* to the cost of an Inslno 


Protection to the Object-Slide, &e. 

Ir’rsrm!!" gl " ,rd f0r \ hl> ot >>^Ilde is now furnished with all of our 

lent ,1 1 r 1,, ’ ur, ‘_« l « w, U | working Of the object slid.' mid telescope tube 

On .einers 1 l° f . ‘ fi 0 *? 1 *! 0 " "**“>' TliO graduation of the horiwmUtfibSfc 
* h, f Weh ,'Mhor important |sm» that are liable to inlurv bv the action 
of dust mid water in the Meld-use of an instrument, are cmlr.'Iyj.nsteetwi 

General Constmotion. 

i*.,5?.l!??T l to U ‘f p n 5 rol «X'«™rtbm of oar instrument*, tlto dead welrlit b 
re nm„j wherever it l* shown to b« not eucntUl to t im silrr.e, soft hi ti .Omment 

ail < 5 'I* a Vfr.gtlK-lM-.l (Im pAtU most likely to be hi lured |,y 

, i / / U 1 } f“* U,u , " r,r "( **" *""*W*. I bo rervr.r Jm and ,Ljt.iZ 
i ,.i,! ' ' ' 7 UI *R I 4 •’vows, til 10 urt’s, t lie JfuMjpra of cfntm, crna*-t,<tr 

lC MiUMli r‘’ph+," Of u "un sn Iw' uml I'V'Jvbbil .with ribs*. Instend ..r flniihtng 
-rewT, , r Ti^T. f and then joining tl.-in with smai) 

aikijn, 1 *! Hie o|.[mshe urinelnle*^/ 0 ^. ,^ l ** w 2 a * in an lllitnnneiit, wo have 
“U..!v I, ee .sTmt lib ! 1 ' C ‘! "*•>«■«• *bn io unite a* 

“* Ught a* Wh,, h «"« ln S' "> ®f rfto is made 

Usi'l for our a n i .« t t *« , ^ , 1 l ? V"' beH-memf and pkoipAor b n ,x,u 

remainhie , aria It!? ?" • p,esc *l* *™l »«* >o*9 aud tmjfUUiaff. am) the 

bras. or*J?U ftre ® f . n n «of, which t« Itself Aor.br than liauimmd 

UXirl;; bi.t lj'al’ol.V l'J?"' El W" - r ,,Ur *- *“* 1,(8 »»«• dldkult to 

bn.veii ... D < , 'b*-' objectionable softer btm* in it* use, Kxiierfetirr has 

L, r ,' (> r AuwweivJ vellow bras* is unlit for a good Held or a-lrouoml.-ai 

h *b»u-rw| t, «M l ?? | t l ? i«S ™T r fll, d yielding genenilly, and In the 

-'■r 

«-« s's^issraffijais 8 - «“*-» •» 





Tlie Focal Utijctli Apgmnittuk 

IVH (o dHtmU* lb* lorat lm*tb«f » *bj*rlf*t Iron lb* aplktt <*«!vr* m <**11 a* Inm !** 
prlHripil fotfel, Tb* Utter bj attfrrhlfcf l* ■Ifroiwli'f ■tfi nrty * at na« tm d th(fr*»l' 

M i,-i buui airamHfcf wllb Jl |1»ro"jiih th> ebjtrth* lb* flif* Inter i*l el Ibt rtlllmafar k. 


C. L. Bi*rft*r <& Sim** Auxiliary Aiiparatu*, 

r^**1 dilln tbnoi|r«i(l«M>t |h<ir lu»l t unrat i of I'fuMit. 


r 
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The Finish. 

It u a well-known flirt that the Made finish hiui one otyectfai. It absorbs tbn 
^vdllf, mid therefore to apt to i?x{>aiKl an liwtrom^nt mit*qunHj%and thereby 
di^r suiges J T * aifliwiuioiitt, We therefore (‘oiwhl^r it ftooe*«aiy to thiuh certain parts 
c-f Ui'inuii^nt In a bright but not flaring jfnM— Including the upper plut<\ the 
et:*ndnnif and the fcdetcopo Ln the transit; the cross-bar and the IdMoopn in the 
ifv*? IcvcL ate* Ail oihor port ion* majr Ik* finished and bronzed before lacquering. 
Tbit finish give* a v^ty fine appearance to ilm whole butruinent ; it wear# tatter 
lUaii black* and I* I H tatter tu ksic* 

C'utfomers dwlHtijf to have their Instrument* finished entirely hi bronze, how* 
i*vi v r, can tlo so by notifying us of their wishes. 


Cloth-Finish* 

It l* so called l uvaiiao the parts of an Instrument so finished have the feeling to 
the hand of being cowed with cloth of a very dose texture,*^ then* U no tanker 
res cm bin ice to cloth however, 

Th« principle!* borrowed foom astronomical Instruments, where it In nacr**ary 
to cover the sarfow* with eome ii«nH?oiidHctliig nmtcrial In order to avoid ilUiuiti* 
nms i In inetnimemnl adjustment* caused by smldcnly varying temperatures. 

We have adopted thU Principle with the view of coring the same result* for 
onr diver inuudts, wye mid dumpy lord*. Some of tlieso levels arc sensitive to a 
depression ot % single second of arc. 

Instruments rtnblwrl in this i minuet brat up or cool down very gradually, 
rinsing the mi nimum derangement of the adjustments, aitil being of a dark brown 
color, ihU 1‘rnUlL unites all the advantages of a bright finish with the convenience 
of having a dark colored Instrument to use hi tiw sunshine, 

M r* i;:ml* durability, It will not qnlb* equal the blight finish, but is suiM>rior to 
the bronze or black; this tact, coupled with the ease with which It can he restored 
ac auy thin% leads us to rreornnvrml it. in all i-.lms w hen' eitgiiimsra do not care so 
n|,Jl (l for an elegant appearing instrument after a number of year*, n* for an 
Instrument in which every precaution is taken to avoid the influence of sudden 
ohaagi-i of tempers! tire* 

In flushing an Instrument hi Elds manner, we arc not obliged to polish It* 
turn tacs so finely, and thug can oflfer our tnuwtt with standard* finished In thU 
manner at $r> less than when finished in ilic other way*. 


Packing, 

* , J 11 h ,>ur hiMriuwoui^ in their aura, mmv of them separate alum the leveling 

*vw"‘ 1 ,ier *** ml * fret * a,| d tttx ‘ ^dy/or MA* upon mihx'king Hie cu*c, 

i he are provided with rubber cushion*, to check seven? jarring arising from 
osnsj nutation over rough roads, ' 


In cotitdli^ioti. vk- wish to mv that we uhn to secure in our onirineerg* 

TOtrtimeuu— * 

1. Sinplteifif (u hi'wiyfHbuOnt, 

2 . Jjtjhtm w 7 co mi» f it# d mtk m J rtutfih. 

3. Accuracy of rffcttfoii. 

4. AckruMrttic t cbucw^f, K.ilJk hiijh 

i>. St*< jfb'MCM of ho Mt# rtadrr wnrfhtfr trmpjrmiurc*. 

(L 8 tjfH*** ; to mtrfd any trtwirr fa a triad* 

A i el we w ould add, that since nil our leveling, tangent and gnuHenter screws 
*, Wwltli preelilofi In our engine hitin^.and then run tlnxMtgli a *\ ze plate to 
uiiLfonulty and perfect sutootiiiM*a4, that we are able to ivplaec a nr such 
Jftl i ,r hwtTOmcuts by mail* The splml springs, and nio^t other simdl iKtru 
inn in st rum ci it. call be ^upplii^ !u the same uiauucr. 



Tho Longitudinal IHviding Engine. 

IppvMn for nrj.MMiot tht itrin*. fur apldar (bma.MOw <11 a phi 

ItWl^ptla, 


<\ La linger <V Soiiw* Auxiliary ApfNinifliiK* 
1 **<1 4«r1«* ui iNrlr IntrftMili *1 ProdaM 



Car© of Instruments.* 

, » i ^ Of your tripod ta play loose oft Itio tripod brad ; keep nut* 
po 11^ |Lii up against tbo wood, Kxsmhic the ihooft from 

$ bolt’ A ,£? j, a nw« them if uceesiaiyt also screw the shoes light. If wear and 


, in (ini' ■ •' , - ® your lintiun^ut I 1 Well M<ciUrd to Its tripod before 

t r tr tj' : ’ m * j- o|I[ Cycling screws to u neat before shouldering Instrument* 

* “ ^ll rinUS ** :i- iir «**■ tk.'.f f 1 KL'', * 1 «.I A ! I^Klar If ti\ fe.la.B* Ai Jl# 


fiver the Compaq *-£]&»* and reading 

m 


«.Wr beftiro thouUtertiw butrami 

‘cIL «kb 'i iiiorchUS: breathe 

lii«? j | liter drifting- Examine the button* of your coat with rega 

Httil #hj.i m uled in them* also beware of nlckcl-plated watch chains* 

*. ’'r.V'ek ! in,J h u ^' ,H wv :i llrj, ‘ CJ * I,U i hair brush. If 

f k ,V v l>r f^ttv nutter cannot he removed with the brush, take an old 
fci ; ' ; , i refill I y wipe El off, I Hi not unscrew the <ftdect-gh*» 

^rtlr — UiU i* not to disturb the adjustment of line of col Hina uo in fbi 
SSJu iware^lhn ev- of eyepiece, a* well a* tin* front side of the objoet-jflisA, need 
bnuttnff with Arieal from time to time. 

if ]\\.t -piftlc's j *n cm*.*dudr* ami become troublesome* mv the eye-pfooe 
uid uMtcMluiw .nml gently blow through the l*l<*oo|ns tube* Cover up both ends 
WK | u %„* bo fun- insert lug the evtspkeo uml object-^ lau. lie sure to 

uim* 1 1 1 |. ijI^c-eU?- cell * veir^i I ircHvrp ft* d^Nlrf/r, and then examine the 

jiJja^iiw'iu **( low of coUlituiikm (sen adjustment of Hue of culiliuatiom) l>o not 
iii.iM- tie i <‘>Jrri -slide **f tektM'Opc, or wivw* that are exposed to dust; use u stiff 
oHith brush to clean slides nr threads If dusty. 

1-* t ike mic the eye*jiix\<\ unscrew the BefCW at the eiul of the limbi tube, take 
hM of the eyi^plece and pull It out. 

r.j f. ; . iijt die croh*4uilrt, take hold of the cop and turn it Ut a screw-] Ike 

twiner until cxtk&t-liairft appear distinct. mtd us if fastened on the object when the 

itttul Is being moved. 

Should there bo any fretting 111 the telescope slide, take it out, mu] endeavor to 
smooth the rough part vs ith the back of a packet knife* 

To eleaa Uie threatUtif kvellng or tangent screws when morttng har%K inie a stiff 
tooth brush to first clean llie thread* of nil dust, then nppiv a little oil, mid work 
lb* Mitwla mid out with Alternate brnsldng to remove dl rt und all oil until it 
***** perfect! y fre<? and smooth. 

s ^ui, fi>r the adjustment Of ctviss-hiiirs sliould not be struimol iny mure than 
*e<^*: 4 rv ti> insure 4 iftui »eat ; nil straining of such aetwwra twyoud this simply 
* \vu* * • 4V1lnil 7 of lustmtnent and relfaibllky ofaiQualiu««it* 
umftwIi S *n« deni always carry a U ts* smner V tit civproof for the liistrumeiit In 
iftr i' h 1 1 ^ V|t ov,kr ^ hi citM* nf ii shi»w er or dust cloud. Oil reaching olHre, 

' * *"i l ^J ri,, iH 4 nh duM it off geuerelly with another ffuo brualt; examine the 
re*v -tnA 3» t !L 0tll rr pHneli»l inov««neiiu to if they run perfectly free and 
iheiu H iH'i i^iury; also examine the adjustments, 'fids win save 
***** hoius of vcxatioji I 


i In the licit]. 


Cart' of Center** anil Graduation. 


f1 »e teh ncopeaxls ami t he grsuhmtkwjs require greater care io 
Uji jr qtinnues, pcfhmpe it U not amiss to say 4 few wonJj eectcemiiig 

iastreai|.!!i^^? al ^ ^nt*‘r< *\o not revolve ;ls free a* usual after exj« 

41 [ l*na u ! ' a,l ^ t reu , i ly lu*t or cehj It rutlwr, they should be eleum-d 

1 ; J V 11,11 P^* follows: 

* , pbai fft»rf ii J ,l,, l M the extreme end oft he cylindrical tul>e containing 

^Vr.ot tillr' ' r ‘"‘ i* tlie , _ 


end ng 

ixpo wre of 

as soon 


h\u*l 


ho it soEiicnluil can- 


tie * r ■ " .i?*!! wwltr tu> ‘ upl^r tougeiil screw. Ih» it *<ic 

ut >y " 1 1 1 nM I1 mircrew a satall cylindrical C4M% which 

* * **11 than r' u \ r y ]* m ' WlUeh Ls ut tin) bottom of tho centers. This cose contains 
Vnw ******?^^. ^ i>; *** halunce the up]M;r weight of Uic instrument within a 
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frvr EU. lie careful to keep the face of this ipriti^ up hi iticiuf, which la bev* 
lin heated by a bright point in lea center. After uiucrcwmg the nut attached to the 

Inner ecnUh n gentle preaMire upwards will lilt I ho vender plate out from the lower 
I*rt cftiio In at mine lit. Take u line ratiicl half brush* and With It clean the gradiLv 
i i i * 1 1 k i 1 *i- \ t-mU-rc aiu I Ula hu Hr p«It of the lust ruinesii, — Imt do not ruh the graduaUQf«| J 
wfxtialty not it* then take a stick of about tins auine taper *a the inner cc til *> r. 

wthu some wash* teal her it Lightly soaked 111 line oil a round fb, am! chum the inside* 
of tho sockets a* cmvmlly po**£blc; then remove tills pkc?e of wash-leather imii 
wrap a froflh |4eo> tciftoiif oil around the nick and clean dr) . Proceed similar with 
the center* ami their Flange? . 

Before applying fresh nnd pun? watch oil* however* care Hioukl lie taken e imt 
not a particle of dust or other foreign matter I* left In the sockets* on the o'ii tern, 
or on (he rnulmthii. This caution Imving been taken, the fta*li oil should be well 
distributed on Jill the bearing part*. It Will be well 10 tti^o examine the arm of t Im? 
clamp screw of the circle ami telescope axis* ami If tuv • *uiry cl cun by ren wiving 
washer. Alter tilt itStltlfiM !s thoroughly cleaned niwlmlcd. lie- nntn mid *ps i 
screwed buck ut iijfrui sent, the Instrument mu&t tttm perfectly free it ml yh-hlut 
the slightest touch of the hand. 

To remove* dirt nndnxyd tlunt may luvro accumulated on the surface* of a todi 
silver graduation, apply ^ i mo line ntcbdl. and allow tl to remain for a few hour*: 
take u M>ft pleoe of oM'lit&en mui slightly mb uuiil drv, hut without touching iheodg* i 
of the grttdua&tLotK*. If, alter cl ruling, the solid sliver surface should show alter* 
nnteiv brighter spota, which would Interfere somewhat with the accurate reading or 
til* gtlri nation. barely moisten the linger with vaseline and apply the same to the I 
surface: then wipo the Huger dry and lightly rub it once or twice around the 
graduation. Avoid touch Jug (be « Jg«*-> as much n> po«*ihtc, Such chon Lug, however, J 
must only be reported to when itsoMy Jieeeeeaxy, ami then only with the gronbsjt 
oan*. as It is has apt to reduce die miitttlcoc** of the grad nation, and spoil Its fine j 
ap|Kiiniiico. If* after such dauiliig, dirt mid grease has accumulated on the Inner 
of the graduation mid vwiln^ gently wipe ctam before restoring the vernier* I 
phitc to Its place, fieracfftbor* also, that the watering of the graduation* of Iho 
circle ami verniers U u most del bate adjustment to make. Those should never be 
unscrewed from their linages by anybody except u maker 


Cart? of Telescope lieiises. 

Aft dim and ntoliturc* a* well as perspiration from. the hands* will settle* on the 
surface of the lenses of a telescope* it becomes accessary that they *hoidd la? 
cleaned at limes, A neglect to keep tin: free from any film, scratches* etc*, I 

greatly Impair* the clear sight through the tcle£e<>i>e. To remove ti*e dimness j 
produced by such a Him, proceed thus : — Brash each bn* carefully with * earner* 
hair britfh* wipe gently w ith a clean piece of oliauio]* leal) ter moistened with ;d- 1 
oohoh and wi|N 3 dry u*tng a clean |uirt of the ctuunok hkln ou every portion of tltc 
lens* to avoid grin ill ng and serfttentug. tVlntn perfectly t ran up an Ait bnish agnin I 
to remove any liber IbSL tuny adhere to the lens. The tithe* In which the lenses lit I 
should I»e brushed, and if damp *honld be dried; thU done, restore each lens in 
1u original place a* marked. To remove dampness hi the maiu tuhe qf the tele#- I 
cops* take Cilt tlfcc eye- piece* cotyr tAc itfxn rad with doth and leave the hm rumen!® 
in a dry room for some tltnc* 

If an lustmmnt hoe Jumui cx]Ki*cd to damp atmosphere, or water has peue- I 
(ruled, tlu; telescope, muUture may settle betweea the crown* and Hint gta*« of I 
which the object-glass is composed. If such is the ease expose the instrument to I 
the sun for a few hoars, hut lr In the winter, leave It In ft warm room some dUtuiiC* 
from the jSoto, the moUmre will then getwrully evaporate. However, if not sue- I 
cess fill* unscrew the ohjcct-glosa from the udiVcupc. and hwtt it Bllgliily over ft j 
clove or otieii Hre. If a. Him settle* between these nothing can be done ex* 1 

eept sending the insuiiui^nt to lhi‘ maker. The two gtms^s form one leiw only 
am! must um be dtflturtod, us upon thdrrelnUon to eaeh other the de^nltlou m4 I 
achromaticity of the lele-tcope dep^mtl*. Miu4i depends uUo on th»> stability. wHl I 
which lh*wa are tuountwl In UietrcHk any looseim** betweet] tlieni or tins 1 

oell will affect the jvJJustniriit of hue of redlinittiUm. Of cxiurae, If tat tuiv Uiae ths I j 
objeet*glavi has two nnserw™! from the telescojM*. thU latter adjn^tiatnt mailt I 
aguin be verilled before the instrument U used. 
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Additional Instructions concerning the Care of 
Telescope Lenses, etc* 

0vcr since the Introduction of the high power in the tcicscoiHfe of geodetic In- 
now used by the best maker*. complaint* are ft^VOUj made of 
f h( + u*- of light in such an d of the hoty appoamuoe 'of objects 

<, I through them, the latter In uurUctikr when uji Instrument has neon service 
sn tho field for Bonn' time. now, while the los.* of light I* wholly duo to the* greater 
poorer os compared with the low power* formerly In vogue, ami to thousoof 
Eg cye-pkccs (res pw 33 >* the " h a riaw '* 1* produced principally hy films 
of dirt. rtdiWoa or between the 1 cqm» of a telescope* ami become# oven more 
marked n* more laiibe# are used in a telescope. 

perbftpw It ie proper toaay boro, that when comparison* arc mode between low 
ai; L high-powered tskseupcs of geodetic Instruments, otter thing* tewy >yW, the 
Unit named* n» a rule, wLJi in cl to favor, beCMiig. oa in the linage of an 

object *>' n through thorn hn* * brilliancy never attained by telescopes of higher 
jK>wer. Hut, whenever the results of rtadia work, or fine levelling, a* obtained with 
the men* powerful tolflfiwjio, mm compared with tluwo obtained by a lower power, 
it will l*c found that, though Ices brilliant, the defining power of a high-powered 
fefcmoopels superior to the Other within tho customary range of diataneoN had la 
the ordinary engineer's ami survey era practice. 

On the other band* owing to the h m amount of light with high power*, it U 
WW‘«tty that the fine qimlilicw of Un> superior leases required for them should be 

f ire tier ve* I, and on ltd* account a more frequent in* portion and a more careful 
matmwit of them la needed than when lower power* are used, — Inasmuch at* the 
haul Impairment of Uie*e lenses by films, or dust, etc., will reduce the defining 
pirer accordingly, A lift l« extra care, as consequent upon the uae of h^ii>pdWfiM 
wuim'.h, in. therefore, imperative, but in bo doing one Is inure than coeipen*3ated by the 
wdihdlaD of liavlng a finer and more penetrating telescope, 

Fr> prevent an untimely settling of a film on the louse* of a telescope, and par- 
tkuhiny that apt to form the inner surfaces of the lenses composing an object* 
gjm&B that has not been cemented to get her — Much til id 1*4 tig bo fetal In an object- 
gills.-* heeuirsa ttmBfiOtofilliiAfUj' be reached and without disarranging titsCfQti&*wlre 
udjusunonts— Ilia treatment of at* iiiHirument should Ixs strictly in accordance with 
the biSjtrucilona given titular *■ Prevent! o® better than Cure , M juvge 2 1 , Un lews the«o 
conditions are compiled with, the greater efficacy of a tctoflCopa composed of nuins 
per len-Mrt will Ijo entirely lost , 

l * m finding that, after carefully cleaning the objockglofc* amt the leu^w of the 
cytspleco, the telescope t& not a» clear us when first received from the maker, then 
the cause of it Is generally a film between the lenses of the obfacfeglafiS we take 
jor granted that the tense t» arc not scratched nr otherwise Impaired— but, os a rule, 

I -'veral jmre (with careful u*o sometime* many ycur») before such a film 
me* ^smclently developed to impair the transparency of fbcao Irm^s. But w hen- 
per d i* found thut a film lias settled I between them, liten It is best, if tbc ifidance 
tjieu too groul, to w‘mi lAr \rhofc inAtmmmtto ii& mnjtir, and if this Is not feasible, 
tben the t4dctico]s\ at least, well Mid BOfi packed in a bos, should be Book 
. Cttmeilled ObJecl^hucM^. To prevent the settling of n film between t ho 

_ ^ riw'n eompoalng an objeckglortn, aud to avoid disturbing reflect ! uob of light from 
3eir Inner ftiubca, auch film* and refiections imjartliig to an object viewed 
innigh « lelo«^uio the hazy dgipruruacc noticeable In blgb-powcred tdoacopos, 
l*»r ,finc< ' lKhi *‘ tin w> Ivnnm fogpdher* *o a* to form one lens only. The 

thflrSft ttieat ^l »re more? efficacious in many reepeefe than when so pa rated by 
m . t3jili pbmes of tin folli as has boon the euatom of nearly all Instrument 
“ahem up to dale. 

h ir V * w * ,w t need* some five* or six months to harden, ami until it ha& 
tlnii * u *™*Hf» 4Ul exposure* to u cold ttUnusphere cau*iag a greater contrao 
r \y tlwjmotal cell than the glass, the are very apt to warp, which may 

‘ ijj * distortion of an object, w1h?d viewed through such an objective*, 
an- i ^ ^ troatmcni of an objeeuglass fre’adily comantad is to keep the In-tru- 

ot, when aot In use, In a room having a mean temperature of about 69° F. ( or 




slightly abovo. The earn* treatment attould b<* followed if it u found that tha 
image lomiod of an object b* lightly dlatoftods only In this case the reinpmaiuro 
In which It Is kept over night should be raid'd to About 7&*or W I'. This treat- 
meat applies only to normally mounted objectives, If they n he too tightly UUoil 
the Icamui cannot bo restored to their original efficacy without being attended to by 
ii maker, 

Object-glissc# that are cemented are very is |d to show aouio or, with ill 

linage, emck* in the cement. but, unless the specks are very numerous. do as to 
cover utmost the wholes area of the object-glass, the opacity caused by them do©* 
not eenbtlily aff^t tho efflCACj of tho telescope, and therefore need not disturb th* 
mind. Out* o xpetteaoe U that tho usefulness of an instrument is greatly enhanced 
when thewj leusea are C4Atf nUri togolhor, and that a few speaks that may appear 
after an exposure from n sudden change from hot to it very onld atmosphere, or vfo* 
versa, are a lessor cvLI, as compare*! with tho ill effort* produced by a film that in 
time will aettle between thes-' tenses If sejmmted by pieced of tin foil, or a von whim 
brought in direct eon tact with each other,, *UCh a film will have much tho same 
effect as a fog, in preventing vision. 

When , after carefully cleaning the lenses of a telescope, the objrel-f lass of which has 
its lenses separated hy pieces of tin foil, it U found that the image is not as clear as 
originally, it is a sure ugn that there is a film between its lenses^ and (hut it lias been 
exjHW^l to a dajup or impure atmosphere, either by injudicious use in the field, or by 
being left too long a time in the packing box, in which it is protected by cushions of 
pajw'r of shavings, both of which attract tnoituire, or by storing it uway m its box in 
micti an Impfoyar pJoef a* a basement or cellar. Such lUm being not i ceil, it will then 
be well !o tferaf llw object-glass, of much better, the tclpsoonc, or, best, If the distance hi 
not too great, the whole fnauruiucnt, to the maker, in order that the Ion*** may ba 
cleaned by him, ami. If deemed advlBabk be cemented. The alight expense Incurred 
of a few dollar* will be more than justified by the advantage gained. 

When the object glosa^ or tetocope U murwd oiler iha ekaubag or cementing of 
its kuses, the cross-wire, spirit level, ftfid vertical 110 adjustment* of Uie instrument 
will require a thorough verification before ft should be tued. In vase the whole iimtru* 
mem has been sent to the maker, there adjustments ore attended to by him, If the ob* 
jocbglass has been cemented, the telescope should be watched for a year to see that there 
i* rn> distortion of the tmosje. If there is a distortion, Li will indicate that the object- 
glass bn* been too tightly fitted, of which fact we should he informed, as also whether 
after cementing the object-glass the instrument retains Its cross-wire adjustment lire 
iauie as before the ©tmwjuog took place. If the cws-wire adjustments have to be 
more frequently made than before th* lenses were cemented, It indicates that the object* 
g la&a is not tightly fitted to Its colt ; amt If such is the caw U should be sent to us v> he 
more tightly fit red, after a Up*# of about iso nr twelve months, when the cement will 
have BiifikknUy hardened to allow of a tighter fit of the object-gboa in its cell. 

In tdeac-opea of wry high power it U of as great importance to keep the lenses of the 
eye-phtce free from grit and iflius as of the object -gU*& Therefore, whenever the tele- 
scope- does not appear to be dear, the kuwa of the eye piece need most careful dialling 
(if necessary, every four weeks). TUe cleaning must be done by first wiping gently 
with a clean piece of old linen barely moistened with alcohol and then wiping dry , using 
a clean pan of the linen on every surface of the lense*. (Please read the Various 
articles on this point on pages 1'!, II, and k) t of our handbook and catalogue.! To re- 
move the eyepiece, unscrew the German -sliver screw at the eyt^end of the telrecopr. — 
< >f course, after cleaning, every lens must he put back in its tube precisely a* marked, 
and then the outer bearings of the eye-pkee in the main tube must be greased with 
tallow before Urn Ucnuan-*tlter screw U restored to its place. 
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Suggest ion* Pertaining to the Care and P 
A tection ot‘ Instruments in Field Use. 

* n ^1,1,] iukv uu iiusirnment ha* to be ivco^barlly espoeed lo the heat of tfio & uu. 
1 1 0 jjju a l' U< m of dust and water: nit of th<££i» liowxjvec, Hbigiy or combined. bavc 
**j L - . y to n(f eel ll* accuracy mill endurance. W I. * " 


I’ Idle our iuslrmuentifc In jwtrUcuJur 


f ir in H ,n designed lopaid against Injuries resulting from exjKMMire of this kind* 
JV. coring abuse*. *uch unto allow ft to Maud forhoim lu the hot »ujt, otc, r without a 
' > Coring or Mivltar df some »orl, umy often laid to a ]>cnunpcul injury to it* most v|t«tl 
Lria- *To preserve the liner cjualltie* of ait inMrumcnt, vka, the tolos 4 ?OfH> $U 4 a* the 
fA. nijjft: tb* (invlwitum amd r<nitf/i*, the centers, «itc M any undue unequal 

«nwi«icul of iho different »wrt* should ho prevented. A b **§f tiinmii over the irwtru- 
^i!nt a him not lit iw*, or any shelter that cun t*o had, Is to In* recommended. While 
in u < a « i umbcel In or scraaci hold over It will Injure greater |K‘rioancuey of Its ad- 
jitKtni '' 1 -•, ftwd tin* oWnel will lw more accurate and uniform thou whoa 

cjuvl^dy oxpoeed* 

To protect ait hi^iruntetit front the effect* of suit water, when used nettr the m*a 
^ Ftuo Him of watch-oil rubbed over the cgpu*ed pun* will often prevent 
the appiumnco of oxyd. To raaove such oxvd-sjiots ** well a* pliable. apply 
*oth.' wai eh-oll ami allow it to remain for a few hOUTf, then mb dry with a soft pio/n 
llfu’ii. To iwi^orve the outer appearance of an Instrument, never use anythin for 
il juing etc*'pt a lion camel** hair brash. To remove water and dU 6 t apoU, rtm 
Ihocame* ^ hair brodt. ami then rub off with Hue watch-oil. and Wtpodry ; to jet the 
ell remain would tend to accumulate duel on the Instrument*. 

hiibriindllgi oil*. — Ail Ihatninieiil UM*d In a tropical or -cm i- tropic* I country* 
Of during tht> w^rm hwkxi in a northern lulitude* n*juirc», tiuuv* frequent Henning 
tnd oiling than In the nunv temperate clime* and ; hut «o long fi» an Imdru 

meat wi>rk» well and UhjocuLcth nyimlva fnxfly* it is lw*a not lo d&sturti it, Hoimvcr, 
if mx*^Miry a priteeoii aa dcin*rllie«J under ** Com of Oiiitm, eta” A few aiMHionai 
renmrk-t we rIvo bore: Should the lurntor^ or tire objected hie oomnnuiii^ to fret, they 
should Ur examined as soon its [lo^lblc, (torn tommmcmg to /rW, if $hnm *on* 
atvj ^uam m thru tl retiring. Ko\er u^e vtueiy or cfnon'dmjmr on ihnu m 
Ihlt 4 inli everUhtfng trouhlo aftcrwiinL^ After a thorough Vlennlng i>f thi> slide 
awl tulie itakingoarn not to break the crote-wlreeh emlmvor tofimooth carefully 
the bijurrd jKirLs with the tark of n t^* knife, nnd hundr wjtpjc enough tallow to 
the niirfaco id the Injured part. If IhU doca not remove the trouble » little 
f«fdng Of the ronifhcuc^pirte on the elide, ami. If mxwdble, on the lieshie of the 
lu-H*, may iM^eotno neee^siry, mid arndy 11 more trifle of fl indy- powder*! pumko 
*\onv iiHvisKM.ed with oil, Hefilaeu the slide and grind 11 httln tv moving It In rnnl 
w*iw« fikuvaysfv, and with n pteoo of charcoal irndMonc^l altli oil kiimulh the jmrii* 
thuv grtmfid on the elide. This of grilling U a moat iwooMrliiuti oit«;mUori 

mnl generally toijuimsi Uie Imnd of a skillful workman; It shnnliS l»* to only 

In mse of utmost aeewlty. Wheoevcr pormlwtihlo, rooour^e » 1 hhiM U* bad to a 
inak’ r, Thes* remarks applv eiltMdiv to the centers, 

TheoMilmof n irauslt fcluHild nlwnye lx^ luhrlcntod with fine iwtr^nl r «fy and 
*ttef ii (ureftil oleaning: never apply fm*h oil tnrfon) Uiomt^thly wiping ufT old 
ffrtt and till. Bouderwa marrow |§ u most exoctUent !ul>rtmul forirrMraou*nt>i nrniJe ot 
,Ul ^ niany kindred alloyu of eo|iprr and fir*. In the varying dtmo 8 of 01a 
northern latitudes this luhcteant t>eoouMw rigid In cold weather, audati inatrummit ^o 
will often leKrorne immaiagoahle in the Held, its application, [larlJcuiarlv 
10 the euateia of a tmmdt* In Ihereforitj n^trictixl lo the iranner nwteN, Tiie un<? of 
* h! eiwdi tor the liner parte of an Iwtrumoot, tnvoirW freedom of motion, is 
^Wdtot m our lattiwtc* 

Many p*rt* of au iiietniiuont, especially tho»o whru*> motai tximpoeitions nr* 
r Qyt y to each Other, may *«net 1 m«n Cause tnmldo If Htmplv <dl»n| If they 

nPiiifl f,vt 11,1,1 k'rilKl, but aro othcrwb*> fns^ from grit, etc,* the judiidotw apptlcaUow 
rj ^ 1 arrow mar prova \w bcaeliclal* but it ahoukl In* d«an«l ofT again an 

r? 11 ' 1 |K*wdl>lc, The mek amt pinion ruuUcm and the U'lwope clamp should 
*r*F* ** grt^yl with marrow, but tho clump, langojit and leveling scnrrv*. should 
r^,*Hve m little of it an pncudbto jo the Korthem States, 

VWlirw. not having as grm t a lendetwy to rlghllty under similar circumetoima 
iwove an oxcwlletit auMJlilte for marrow, and may often he applied to level- 
where wmtch-oll would not give the tu&msary rigidity in the ime of the mere 


ordinary Instruments, hut it must In; renewed quite often. In the flju>r o| 

Urvi'llu^ Instrument*, tin; imiterw should he lubricated with oil wily, as in transit*, 

A groat dual of annoy mm* I* cause J to th<* engineer if tin* c\vwj>Io<mt or the object* 
slhlo of the iHroeoiie move loo fiwly in their tuber*. r**quirbig a robx’UAMlng uf |J J+ , 
rroK^’U and object at cvoit n&volutloti of the ttitouMpa In iltiiwk If liio 
pievo eiiu I «> retained in It* 1 socket; with ^uflleJeoi friction to keep it focussed \ u the 
CfOf^wIrvs no matter how much it may wobble othcnrise, thin imporfectitifl tin old 
litftim limit*} will wh lead to any inaeeunwy, but if tfofft i| not sumdetlt friction t<j 
k«p it foaufcml 10 tho wir*v. a little rvodeovd tallow or maffoir npplhd to it* heiili^ 
mm in most caw*? will rotuody this evil. Wobbling In tho objklrdirb, however, 
leading to hjoeeuiucy of eoIUmnUon, or Ku*k-liv*h In its rack or pinion motion, ear* I .> 
remedied only by a ruuker; but if the object-sl htn mov<s too ftwly in ami out of l in 
tube only, this may Ikj ironed tod by apply Lug a little tallow to the boating port* of 
the mek uud pinion, *>r by tightening the «crew in the idolcm-h^ui. If not entirely 
snocwiful. & thin di*k tirade of parctiincalt ora thin loather-wadier. both greased 
with tallow. anil inserted 1m ween the Jlangt*** of the plnlon*head ami Its socket, 
will Insure the defined result* — These UU»^ remarks amity to transit ami level 
tdwiDjii^ of the customary design. In UdcwooL*^. Where tfitiebJe't'glAia i** imunihxi 
iKirmaneutly to the telescope* tube, the eye- piece In be, wnfriiAui;? JA* mMs-ir/iv *, 
Iwvonii'S the slide with which to focus the object. Its motion must he in n tine 
{•nrullcL to the opt hit l axis. Any vriiMdirig in this eyepiece slide would tend to Uu 
acoumcy In sighting through tin- telescope, hence it ri*Luirt^« the most careful 
treatment on the petit of the engineer. 


(’art* in tin* l*s<- of Spirit-Levels. 

SpiritdcveU are very flttsoeptfblc to the least change in temperature, as will ne 
readily seen by the 41 Acre nee In the length of Iti bubble In varying temperature*. 
Hence, to guard Against inneeumeU-* from this source, it is nices*ary thui the 
bubble should lengthen symtuetriettllv from the center of It* graduated scale fsup- 
posed to Ijc made Uy the maker*. and that both of lb ends should In* read. Suflb 
dent time must a bo he allowed for the bubble to settle before a reading b made. 

The fluid ordinarily used for levels b purr* alcohol, nnd requite, according to 
curvature, diameter ami length of tube nnd length of bubble. from twenty sers 
ond* to one minute to attain it- cqulHbrtmn. Tln> composition fluid used In our 
level* for field Instrument* requires only from five to dftmo seconds of time; those 
filled with pure ether, a few seconds only. 

A great houroe of error In splrtt-tards, however, iacfcaslng with their greater 
oemitlvene^, U ooamlonctl by an mutual Inciting of the IcvcUubc, *m the tmbbtt 
wtfl oUcu*t* i wore fo*/»tfrib fAc leertuer j yyti or mil, thereby imparting to the lustruincnl 
ini Inaccurate position. Thb muht 1»c Attributed to u changed condition In the 
udhindveuess of the fluid in the kreblube, and not to a change In the form of 
(be tube Itself. Therefore, to gnarvl against Inaccuracy result lug from stiib ien 
changes of tcfnpenvtiira, a ipirNovd while in use, should be protected fnom tho 
sun, and no part of It or it< miMint'mu should ever In touched with hare fingers; 
neither should it he breathed upon, oor the face of the obsen <t come too clohC to 
it For this reason* In the finer tnstnuneut* the mountings of our splrlt-levds 
are cloth* finished, utul If the levels ua* detachable they are provided with wooden 
bnitle^ us the case may require, uud glass covers art* placed over them whenever 
decimal necessary. 

If at any time during the progw*v* of JleHbwork a eplflt-levd lias imprf»pcrly' 
erpw«dt it is i>est to cover it with a cloth for from five to fifteen minutes, before 
proceeding with farther work. 

Mounting Spirit Leiels- l'o prevent any unduo strain and change of 
curxAturo In ftpiril Levels used In astronomical Justrumcnta, they are mounted by m 
La wy*i> a* shown it the cut* of IhWC Inttrutnents, am 1 ar»> proleeti*d from injury, of 
Luooflurnoy c*UM*d by the breath of the ol^erver ami other air carrel its, by a cover 
of phuwd WW them. Uuch a mmmUng, While most suitable for such delicate 

levels, would, however, require constant attention ami expose a spirit level to break* 
■ige In field Instrument*. To guarl agalMt this danger and to lessen the expeodfl 
ami weigiil, tho spirit levels lor field in*jtrumoui*i are mounted in a brass lube; but 
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I IV , ti> i lie difference existing In the expansion and contraction «f gin** and br**< 
, .iiffciv: t 1 eiupcroUiro** « *fdrit level M) mounted m ay gurnet I coe» become town, In* 
bnuv inMijr ami unreliability of adjustment — Upaa llndlng that ihr adjugp. 

■M *^ 1 T i _ *? vt I»jr Elk. Aik in *111 I **iii iw»ntF i up** in tuit Af. ^,1.. _ ._ .1 . i_i * , i f 


0 * 1 : 

«|d 

Lw of a spirit ■« An temperature Is ikh n* a* Mmblo, tint level 

El ming*. tub®. «*'- Awuid be examined, la flw if any of them are loose, It 

trouble l* I« *h« *««»*. tighten thorn up; bat If th e spirit level mu Ut »hlfted iu 
L tube by * ™ urh *>* *li« Iba^ur. take it apart ; Mjftea the plaster Of pari* in water 
L . I rvmiivo it with II *bnrp pointed Mick of wood. Cautiously move the spirit level 
trith your Ung^r* °i llntt only a trifle to and fro. incriuiAing the length oi stroke little 
ta Ui'tlo, until It cun bo sAfi'ly taken out without breaking; -- dean thoroughly. Cut 
rirtofr *d white paper, ol tie* width of the red! it* of the tube, and Mirnenhal ahortor 
[jinri the length of the spirit level, but lodger than the owning in the bra** cube, mid 
thus* 1, of suffletont quantity et the boturui of Uio brass tube, to 11 II up the heuco 
intenv: b-g between the gla*w and the l»ra*tf tube* The uppermost layer of paper 
should, hawejer* hs so wide, ft* to envelope the spirit level up to Clio opening In the 
bnt<‘ tuli*" Now Insert tk* spirit level taking care ixrt to touch the gU*$ ends that 
are sealt*I up. and plao' the <11 vision or other marks, indicating wltem the lord Ima 
been ground Id a true curvMiiro, uppermost in the (>ium tube. The level im*M bo 
poshed in with sufficient friction to pnerent slipping In the tube, yet not m tight m 
Id casho A mu* m : a sut**quciit low tcmpeintutw. a* bias* will contract more than 
gla**- N <J I' vlt of 'ho (spirit level should touch any |mrt of the metal tub* 1 Xovr 
pwj^^eplfywofiwirlswlth water, of the consistency of imata, amt in>i*r In at 
«adi w) enough to fill up the space between cho eml-piccc* mid the glass, stirring 
It auffld- dly to make a j>cr fsot contact by it and the ghvss afA the hm>«, I mt leaving 
d^-n^n 1 >%VV t<nd ’ 1 * v ^ put the level together, and adjust aa dcecritiod 

Then- aw other c*j*s<*v such as centers and flange* that have bwu tient by falls 
etcher thnl have wain out— unequal e.\}»aiiidof] or oootndlM in different t^*n- 
perntunvk of the metals oinpidjed In the ooesirucUnn of an IcaUumetit, or n non- 
iymtnntrical Imjghtenlrtg or shortening aft! leairdwibble hi dlffcrettl ftanperaturos all 
of which, singly tw oemhlnoti. toad to imtwiir the mijuasluieot of spirit levcb uq 
Uwtnmx-nb, Of the^wc wUl not apeak here, as ft require* n most thorough media- 
nlcUn^ aid Iii-.njincnt-muker to trace Ibo cjttiMt to Ita proper source. 

jig si^urted ttmt Ihelave) Is maun ted *» explained above, our adtrlco U, not to 
noddle bKi frequently with the adjust men t of a spirit level. Though it may appo ar 
r£K N i ln r ^ fWt ^Ju*tnK.,.i ,Mher days. It ifthc tnitZ of 

' lanilcHte tshc change taking place in an iDfltnim^nt. so that the 
hK.lE 2X ^ lvm XF t} 1 *™ 1 ** •Prty hU ennvcUans, im the chamber of 
^ A? f1 ? er ° n the mow *«tdllv6 the spirit levels 

SNHI w .n 4 Jf to ai Hvc at chmr naulla As a rule, a 

Sim •■fSf* .<*««» taking place In an ineAnmiMt, is ton Id* 

t*wu. ably^j^ 0 ^ritr Ct4ir ^ ^ * titrUmeflt ' aud 111 entirely until fur 


ltcplaclng: Broken Cross-Wires. 

Hum l U ° ur are «pidcr vreU (except where pi all- 

ba r*- si’ r , ^ ^ iir * 1 lh **y ^uiuld be broken, t hey may 
imt\« ' 1 1 th * ol!nwlf,(t inatincr ; dean the rcUcuh? fiameof all farema matter- 

■l K k,;. *ellitc by dUaotvirfcg It m the boat alcohol nad waiting until it i* of the eon- 
° l h L i S? TO * cocoon, (those from a email black wood-spider 

two whtdi th.; ecgijto’f tia# prudent ly soenred at wiruo pruviaus time, eel»vt 

r t ; ,r V 5 ettcth flb °wl two tnobf-a long and of Hie eatiw? appeamne* 1 . Attach 
« vUl U l 11 V*V**JX woo*! to act as weight*, and Immene 
c“h n ♦ i 1 for fl^a or ten ktlnulca Bemove *>no web from the w'litt'r, and very 
^Jjy poaii it b^wvwa the foi^MInger and thumb nalb, holding it vertically to ri 
oik^ -u 0 ^ Iodide* of moteture or dirt. Stretch the web carefully over tw-o of the 
fajK,' roticujo frame. Fasten one and by a drop ol the shellac, — let 
f 0r {v, T a ytt of pointed wood or this Made of a iienknlfit, \Vnit a mament 
mia vf shellac to harden* See that the wch U Stretched ught ac^S tha 



Ttic Mienwnptf* 


for utc 1 b tlrwli to Ih* 4jipht*jtNi ®l ItUtfOw* 


c, L. iu-rv^r X St mn Auxiliary Yppunilua. 

OH-t 4wrl*K Uw ttlitrMtitfi uf Ui*lr UtUw+il" 9* Prtciite» 



n-jnc, and *PP*5 nf drtvp of the shellac to the opposite cut with Ha enclosed 
**?u Wntl wwlW minutes before cutting off tb* two ends of the wch and |he& 
" ^nt in the same muiiwr «rtlJi Use wx*l> whirls i* to ho pUeed at right arsghM to 

thi fc <«*’ 

Kct* —Tt# »nt ipWrf.thjMJt »mtj tr«e turner Jr ffftn ti* cntoroicrf iU imaJl Hi** WM&eti&ri 

fevewr, »* ft »&«* ««* fleemt* <«f % of ftfikUr u<n* h Mkl^n, Ife** tf.Wia »i 

£r> >: ; w ' . »d 3, jRi? J?5 * W 1l S**“-^ WgMofy |4mj <« i >* di*pj^in ln| M t*cy rruir, th+lr 
S£.oth •• «*m »Md, hw* Mmy to tw*»k. n»n« to shtiCpwr brink* 

SI tV i*»* US«e u| ufafe* th# totfef uakci ki W Ti^c m« *** *5Cwi i?™S 

Sk J *f2j d | 1 2fi| dtl S^** 1 “l c f *if " ■*«» 'r&* r*« *JwhW Be cwm ar4 

t[*‘ »*3S* t* - *' lX<J t ^ ^J 1 h “** i5fl *i pnetf Sfldif*, rn+wn b*ctlied,*tll tat ih# tlrNgk Tbg iHor i mi to lh« 
* *> * ' " f°r ' A “* **** coke. Aiutft in,, • W* So^TSEVS^I £4 

3%4ei‘»*k {™ * ****** »«WfT«*4t* m no (fee »ul£ct by PutffY Bl DiyiL Unk 

of *: • ri# An® Aabce, Vl kb t to *lwn we Mt taAti'dhj foi os luf^ijr, 


11 Tb t H* r**ef ijwfcr <f %hkh I «nd j«* «k«*i butt Rifled* I* find k Aan Arlor— L*C *s str , 
— s* Iftrft* irv -kpfcbtse* pic, in4 k M<iwtmnBai«f UUr^eut hi LU MkMum -*b»t f tj — 

*t_, tin^v 1 k*r* jJirjyt locMtotal m lirtil n* it t«n m Kicbi^iii mx*li in riKt> of niwr^viirni — md 

h ic^eoajjy |*itW»fl f»h4 


it 
tadcf 
pjh,*#4 



l 5 tTTiiinl, (tfilif fcyrifat i^i^rt tW Ir^ ksTOi, ' 'Ihey toth (mak 'SK 

lucV of tU fMMlMiiid *M wjrc l™rc3 <f C 


fvr 

<P Im WPw «« la wwj lVttiii mnea Sf>? tuwc bcMfiCa, -in levmni. CbftOijJl 
W'«i * ,,J ^U<«iifc hn»ft u ■ ■&»« of wv^» t ami b ntuih*,! i -uJ C f ir^c* cl w*i<k*MirH m, 

oK^, glbjt^_4f»i tbe lik* pufti »h*hertd I iIka TW ciA-it ef the ihrcsiSt hive b of » JbeM 

1 ra 7j^ '™ te eUbi*4Uc* CfViWii m Ccmufci «!■ r\ *tifVr, The t^rr j»U lit 
•tkf**f* 1 J* lir i *J , * , { * ** cr P 2« cr hk ' weetm where they l* t^jthccl Vwi Leo-r t tm 

os «iy U*™ in 1 U* <i [*;« Jnd tiny thin la Ibt IKtkil. or any inch p In.*, md ihiv an nlvajt rtaly " 


Prevention Better than Cure. 

IT cnnnnt l«i .t^nW t|,«t innintmonla fraquentl^ meet TrJtj, fy)ri U ub ardent* 
*, ll ‘, ■’■ lth * llt , l,< ' '■' are <tn port of tin' oj ii" rut or. oouM txi pfevt-atMl. It. nr. 
umiy ,i. . . not tytolwn proper tow to Irnvn it staftdioff U *o/i„rrvi,.i in <■ ntnrrf. roarf. 
* Ztl'^tVi'. <M ? fbm T""*.*" MnH,w 9- or to it umicwftiNrily to tbo bom Ins 

hJLdLVi V i'.'f *V <, "* , ’ or tn in «t 11 uy timo. s u ,-ii i<an 4 oun<ma nugt 

Smu$. StSSST 1 " aeenncy u,l<1 emdw «y- °°* i<i *p«^ ’t<» 

U Otilil K> bomo In mind that th. ro *re iruuty parts ofim Inotrumont wlik-h, (/ 
m ;, 1 * t ' ann,>, lM ' roelnrad to th<>lr«H«iMl offlctoocy : mnl whim it l« cottaM- 

«Y.r- * oouiwiimtliMm ruakrr l^nUiwii no ILitli* .■an'. Him*, anil oxii-ii«a oa hi* 

S 1,1 ,,r,|, ‘ r Yl “ ,tJ * l, ‘ « Wgh (h-Htvo of perfection, stieh negfect w«mo like a 

ennUrn wwtool human onomrwid ekUL 

» 0 on^r,'fMu? XUs . l f flUl "r *' K * ,fl S MOr loa “S''*. *n^ dull nhoo* an; fn-ipjont 
,! ■" f* 1 ^' " r,, l too® 4 ? *“o«* toiul to nuko an unatondr lutnimont. Tin- ti-at 

), ur ' P?° t P or ‘ ‘ > « , ' , o Of till! tight ri.-n of the leg* U this, that if the log I, mliti-d to a 

^Svltri^ii *“ d . 11 h hot»W RitSuaHy rink to tlio ground. If it -In.pa 

**2f, - 11 1 tOQ loo*®* If It does not sink it in too tight. 

Ub .1 "1 l ", li , ,n * 1“ I J!* t ™F 1,?nt *»m it* l««. It la not imnwtertol whew and how to 

Sf J ; * 9} »• To lift. It hy the tetawope, . irolea. rUniUrtla. , ,r wyw U iniproi*^ 

. ,,|M lT atonic with any ucnoiMcuis^cqiiciscf'ss yi>i it may 

dan^iTi ^ 10 "" 1 * 0 injury, ami It eertnlnly la alwayn fraught with 

Ia hulKmns ’ 11 ia aIWB ^ >«“ to 

tWTlV-’'.'. 1 J| 1 il' , " 1 ii n , K ? n iMteWIWOt ““ lh<’ «ww of IU tripod, or Horewing *nr or It* 
**r»ftv.l™I > tr* 1 o , 5! K ^fl 1 *° f ,lrT1 I' 1 " c*' 1 1,1 Uie direction Of nsarroi-my until it 
Urr *K \}* y 11 Hit Ibut ibt, tbrf'rt.id have conic to the pulal whem they vn* 

■ nst *t urn may then Ir- rcw*cw>fJ, and the fmrlA w re w<l mgether* 

'*'***' rtinnirnt and miLWmcter acivwa, they sihoutd \*> u»cd 
on an pontona of ibvlr l^ngtiie. 
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Oil tv t dh an Instrument Id odd weather Into a warm room, without the pm* 
tectloa of it* bo* or Lag, will cause a sudden ex«bwigd of «ir within tlie hullun 
space** mid curry with it dmd and other aubetuncMi* through the minutest openH-^ 
tfho vapor, also, that will thus condch *o on the racial loriK;^ if it were not juro, 
teeted, will have it tendency to Mltle a Him on expand graduations, making the ris 
Ujil i**f || . i uml dilfli'iilL !'• re.nl. 

failure to protect t he Ien*es of the eye-pic^ and objeebglaa* of a teh*ropH 
when jn.it tu actual u*e t from tbc effects of ntoMare, dun t, «te, by the covers i-pc^ 
sided for them (tjrephvtvIM ami cap! will result in a more frequent settling of % 
thin film, which, like the fatty aul^Unec left by the touch of the Unger*; greatly 
imiKiin* the oieamroo of vhlON. That tin? too frequiwit cleaning of the ton*** ►mu® 
In tho cou me *4 time be dfttrtmnntnl to their brilliant polish, and lead to * cor^^ 
ponding los* of transparency *0 essentia l to tin* proper waiting of agoodtelt^^^ 
Is apparent. Too much care cannot In? taken to guard the lenses, and particularly 
the inner surface* of the leueos comprising the objective, against any Him that in %y 
#cu1m on them. The ill effects of such n Him ore especially noticeable In Mgh-pc>w* 
i-ri'd of llrst-elu~* gci-buie and wdronomboal instruments, In **hort. It 

should be reuwuubiittsd that the flight* *t film, scratch* or dirt nil I* according to tbelt* 
nature and location. Impair the bight through a telescope, mid often render It unf 
for accurate work, il 

The glse*- cover* protecting the venn****, are, and vender* from cxpOMlie nr»4 
very careful brushing and denning, the same as the ien*ea, oa tmv scratch or ill: 
will Impair tMr transparency. If nl any time the graumt-gftoa* shade* should lo 
their i»un? whitened*. bv either dirt or IHm, and will not act a* rtJuwrWws of i 
verniers and graduation, take them out of Ifaeir frame* attd slnif^y wash them wii 
soap n i . . , . _ 

To prevent loss of mngDoU*ra In the needle of instniiuenta provided with a com* 
pat-*; when storing mv«v, allow the needle to as*iUbe magnetic North and SWmth; 
then, by me* mi of the Utter, raise It from the center^ point against the glass covet 
If an iiistnifnent hu- met with a fall, bending renter* uiui plates, ete„ it *houk 
not be revolved any innit, In order to preserve the gTiiduuUmm from still further, 
injury* but recourse should In* had at once to the nearest competent maker, 

' If Urn bo* or tripod rdiould have become wet, they should he rubbed dry, and 
the varnish should uo renewed whenever found wanting. 

Loose or detached msting-btnek* in the instrument-bog, or any loosens** of tbft 
Invtraimmt In them, aro wry detrimental to Uh> Instrument ami lU adjustments 
Crack* in the instrument-box, the absence of rubber ctiflilow under it, worn-* ml 
strap* and defective buckles, hinges, locb, and hook*, should never lie tolerated, 
a* thu remedy is hu easily ipplkni by any nnx'laolc. Such defect* and imperfections 
are known to lead to injury of the loHruimiit 

The place where LnaLrunuml* are kept or stored away should In' thoroughly dry 
amt free from mm™* The placing of fused chloride er calcium* orcamMIc lima, iu 
an uin'it vew*'liii the taatrumeut-diox l* to 1*> re'connmmded where there is dam|H 
ijm-.- ; and the fuencu^e of aulphuretcd hydrogen Is suspected, then, cotton *»*»• 
rated with \ tnctfar of h'ad, placed In the bus, will pruvvi n (ireventive agftlnti the 
tumhldyg of solid silver graduation*. 


Transportation of Instruments* 

Drm^a the preigre^N of Ik-ld work the more ordinary uud .portable transit* mid | 
JcvoHlUg Instrument*, etc., can generally be earriinl on their tripo«la for case ftf* 

di-patch. Nothhtgln the way of pr* f - im+tninioua, however, n*to tin* l * je»<^| 

thod of carrylDg an Instrument i whether on itw 1 tripod, in the arm without thol 
tritHNl— placing the lumd beneath the kvelhUg haao— or hi the hox, can Ui au|| 
psc»it'ii here. Tiie nature of the ground, the ^unrounding*, th « uud weight* andfl 
the distance to In* traveled over, and luct i*ut not least the llueiics» of the ln*trH 
incut* wlU diet ate to the engineer the beat mean u of convoying It from point to poiftlj 
in order to jtfoleet It fre»m Injury, and Itu adjust meHta from derangement* 



Thf fluer and elaa*** of Add instrument*, such a* thoao provided with 

should ilwiyn bo placed in their bexe* for safe conveyance 
how abort tbf* distance — fop f**r of Improper handling. and because ( >r 
T » r <»r unequal <>xjMir^inn r temporary m It may be, of such part* a* would come 
f*!£ w* Wtth lfc« t» -l.V or 11 v. 

11 < t rrrlng an hirtremefflt on it** tripod without altglilly dumping Us prill* 
. [ motions will WY * Jir <K,t the centers. When carrying on Stw trip**!, 

cl " i to tiiaxsit, when placed on a line with H* center*; 

gliimp t»- i?3r'4 M | in i.ktml, when bunging down. 

«Aj en eny[o| an instrument in the box ft ia important that it bo placed therein 
Vlv in tho poedtlon and nminer iNg ovtat by the maker. Therefore! upon re- 
A-uinj; a new imftrunivtit, the lirwt step should be to study it* mode of packing, a ml 
If |, FV i--ary h memorandum should be made for future guidance amt pasted in the 
?hl» will **va time and vexation, ax some of the boxes for Held lEtfinimenta 
mu lt n > vi “warily l*s erowilmi to t** light and portable, 

galore placing Jin instrument with font leveling screws in Ha box, the foot-pla** 

ghoul-l hi jKiraiJol to the instrument proper* and then brought to a Hrm 

touring by HrdLng *~’rewrt. Til*? toaiHimaai must also be well no re wed to the 
gljitc'bwctL if OHO is provided, a* in thy case in mud of our trenail*. Having imt 
lhi% in^miment in the l**% hi Milch a po&Jtiue, that no part of it will touch t ho sidvg* 
lln* prim pal motion* are tiow to bo t'boofced by tin- damp screw*, to prevent ino* 
Uooan i striking iiguiimt the box, WHti Instrument* not standing crnct tu their 
box***, but which are laid on their side* In res ting-places, padded with doth* speci- 
ally provided for that purpose, their principal motions nm»t not l>e clamped until 
tbi S undrument ha* been secured In a complete state of repoec la these receptacle*, 
tui a* to l*> entirely free from any etmln. Care must be fatten, too* that all of the 
detached parts of an Instrument, as well u» it» aoretaori*^, are properly secured 
to their receptacles before sbuttiog the box. 

When rihlpplng an Instrument over a long distance it 1* commendable to dll the 
hcUoiv *>|*ioe between It and lt» box with small I soft cushion h nuidc of paper, or of 
cxocHor or shaving* wrapped In soft j^aper, taking rare not to ncmtcfi the mcial 
surface, nor to bend expotsod |«rts p nor to press Against any adjusting screw 
For greater safety in traimjionatjrin by ex ptvss, the Jnstntiwnt-hox Itself should 
aJwuy« be packed in a pine-wood Ikix enc Inch larger nil around. For the ordinary 
ah* of livid instrument tlie pedlDg-o&BC should lx? provided with a tdtrmg n»i!e 
ban die, which, like the stmp of the Irmtrtitnent box, aoould over Um? top of trie 

ftiH*' iuid through holes hi the the knots iN.dng wlthtu the esse and btrongty 
Secured In esses when. 1 the grot** weigh I of tin entire ^ Mick ago, at pn*panti for 
iilptnent In the above maimer, exceeds lh*^ f then two men aliould Iiiimlle it, 

ainl t«n> nirong ru]»? handles, oae it* each fuid of the packing-cage, should hv provb 
™l* In order to chirk Jar* and vibration § while en route, the loose space between 
tb* in*r mrtnent-lKix and tii*- )iackiitg-(ms4> Is to be Oiled with dry and lcn>o phuvlnga. 

Th-- n«vx*r bearing the direction# uhotiJd always be screwed on and marked thiici, 
m iargij black letters : 


THIS SIDE UP. 

HANDLE WITH GREAT CARE. 
Scientific Instrument. 


Mr, George Brown , 

j6 West Street, 

Value S Cleveland t , 

Okie, 

From JOHN SMITH, Chicago, Illinois. 


T?io upper halves of tli*' four sides also should have ‘CARE’ :unl 4 KEEP 
DRY* marked In largo on them. Tlicae precaution* an imti*pcn*ab£$ f rtp 

Hiik* eunvoyaricc while (u ifoo band* of IncxperieiiM'ri person#* an without them inegj 
Htnwrm will often dairy tWni wrong *ldft up* 

Tin? tripod need* packing simply in n do*e*HtUtig U*x. If not placed in w lxu| 
it often happen* tbit legs or shoe* ft re Uok<m off Willie eu route, or that the tripojgl 
lu-ad becomes bent. 

Many hundred# of i nut rumen is, pack'd a* explained ft bo vn, have been shipped 
by ii* t travelling over thousand* of n»W. over rough roads, on Magcsand on bon*> 
hack : and the insutnr*-* are #o rare where otic lias become Injured tand then only 
through gro** oar*dtjMUic*»), that thU m** 1 e of pinking must be regarded a# th* 
only prop** (100 for conveying Inslruinctil* of pttirasluu by expree* or other publte 
carriers. 

Arriving at lb* dost (nation, an instrument should not remain packed up with 
cushions, etc., any linger than absolutely iwceaimry, Th™ atmosphere in stacb 
Ijoxo* naturally must be eloee ami often nudst, and continently Jm* a tendency to 
produce the ill effect* by moisture mentioned In preceding paragraphs. 


Some Remarks Concerning Instrument Adjust nieittn. 

The mechanical and optical condition of Instrument# used in geodesy an d their 
Adjustment*, although satisfactory w hen they leave the maker*# band, arc liable to 1** 
come disturbed by use, It is therefore of vital importance that the person using an m. 
atrumeut should W perfectly familiar with its manipulations and adjustment*, He 
should be able to test and comet the adju#tnn*nt* himself at any time. In order to uw 
trouble and expend as sell a# to ifossev* a Umrunh knowledge of the condition of the 
butrutniftt. It is evldcm that If Im character of an instrument U no c properly tiudet* 
a too l or if the adjustments arc considerably out, the benefit duo t a superior design and 
Wtirkmaiublp may be entirely Ifldt Ttukr these dmilMimcw an instrument may 
be liuto better than ooo of lower grade. 

In the beU types of modern instrument# the principal) pans arc so arranged that 
they Ci»n be adjusted by titer nu-rA d of rengrvhHi* ThU method exhibit* an c-xu-ting | 
error to double it# actual amount, and render* Its correction ea»J by taking ooc haff 
tho apparent error Tbu# errors of eccentricity and inaccuracy In the graduations are 
readily eliminated by reading opposite vendor* and wrriafr the vernier plats lW*o# 
lli^i vertical center and taking tb^ mean of the reading*, and by repeating the ineasurjK 
iiioni of an angle by dunging the poailiou of tbs limb #o that liter iWftWltnwni mill 
eotoe on dlffereiU part# of the graduation. The striding levels and level* mounted on 
ft meUl b**e are readily tested by revenue .; tliclr posltionl end for end. Ii the 
transit plate* to velt the adjustment Is assured by turning the remier plate iwt"* Ertofi 
of Urn line of wUlKiinUon are detected or eliminated by reversing the telescope over 
the benrimof, or through the standards, ns the case may be- In short, an instrument, 
the important pun# of which are not capabir ol reversing In Oiwt wrayor aoother, cannot 
be examine l i|uickly mid accurately. 

The ailjustmenU of an Instrument, and particularly tbci*c of its cm***wirr*, slsouM ; 
tm taken up successively in a systematic manner. The proper way U to select a pUot 
from which they ran be conducted In succession without moving tm instrument, as 
MM uf thoauljxmtmcnu should l»e comptottd imUmendently of the other*. This method ! 

It* followed bf the maker, and will Kftva time and vexation. Any auxiliary apflftr^J» 1 
that tuay be available, such ns coHSnvUora, etc*, will be of great service and expc*u8r I 
the work ihie of the unwt important cotwhkrations In making adjuiiUncnU « w licit ■ 
the same are greatly disturbed, a# whlHi new wires are to be inserted). i» to idftcc all | 
the respective part* In an approximate adjueUnent without Introduciog any ‘iram I 
except what properly belongs to Uie action of the adjusting «erevw tbetnrelve^ Ine ■ 
more natural Hie method, and the toss internal strain Introduced hi bringing I 

jurtubto parts into podlfon, the more lasting will be the final adjustments, provided tm 1 
instrument is otherwise in good coudition* 

It Is important that all adjusting sirrew# and nuts should nt truly on the #urf;icc* 
against which they operate, with only a mere film of ttltow between them, aojf 
to ii^ure a true meullk contact and that they be brou^it to a firm bearing, yet with 
<Hit oxccisive strain. Opposing screws and nuts should always work somewhat freely * 
no that oae can feci when they come to a true bearito;. A moderate preMnfl 


| w jtb an adjusting pin about one and one half inches long, and held between 
Vr'iTnittb and forefinger, i&iLI then make a perfect contact. For instance. after the 
1 11 '. -ul t capstan- beaded »crews ol the crotfrvirr reticule hare come in a bearing, it U 
necessary u> fiivt? them each a alight turn* any Item 2£f® to 30* ; with the usual pitch 
ttl /.«■■ screws) In order to insure ituh a tightness that a moderate presto re ot the 
v ui^ these kwwj, or an occidental gliding of the hand over them, cannot change 
^UjItc position* On the other hand, if one pair of these opposing screws 1>c 
P t< J tS j lightlf daring the? tentative process of adjustment, there a ill be. In all hkeih 
*** iv i the end. an excessive * train exerted upon the pair of opposing screws at Tight 
n ’"v's which will ninkr itself felt at any change of temperature, or whenever any 
*ru nil pMiie may be momentarily applied to them- ft in but natural that the** 
Mfithiual changes in the multant pressure must affect the adjustments iff a like man- 
To obviate such change* the j>roeedure should bo nx follows — 

** Having pfcaoed apiMtoxhmUely In position the principal wire of an Instrument : vU . 
hi a transit the vertical wire in a plane porpeiwikulur w the fcoiitontt) axis of revuliv 
in a level, tlie buri rental wire in a plane perpendicular to the vertical axis 
& Evolution, the other win; should be approximately adjusted for colHmalion, 
with the capdaroheuded screws onfp Moderaleqr Mt/Menrl. Thin accomplished, the 
canatsn*besdod screws of each pair in sucoewdon should be uiwcrewed alMHJt ote- 
quarter turn, and again screwed light the same amount- Now If the two pairs of 
opining screw* have exerted no undue strain upon Uicmadttw, thr telescope inter, or the 
wire o li cole, the principal wire willsuil be in the perpendicular plane ; but II Ibe screws 
have toon used too much tho wire will have slightly moved out of the perpendicular 
plus- Therefore all four capstan- beaded screws will have to be released again, say 
about | turn, so that they meiy bo moved slmatuiwoudy until the principal wire Is 
n.^ in ill II plane perpendicular to the axis of revolution, and thru each fair in suores- 
sfoa muM he again tightened an equal amount Hie adjust meui of the wires forcolU- 
sualiou must now be made in turn the le*s Important wire should always be taken 
up Sint — by aUffhUy releasing the capstan-headed iciww cmxiy 1 from which the wire 
muiV bf moved, mid tightening the opposite screw the same amount, and repeating 
thi* proreaa until the adjustment is gradually perfected* If <1 uring thU opera! ion either 
or both of Uiea* wires have become so much displaced that the cap&* an- headed screw* 
have to 1v niOftd more than a quarter turn, it would be advisable to slight )y release all 
four of them again, In succession, and commence anew, 

U should be raid here, that the force applied by the capalati* headed screws 
cannot break or affect the UgfctMa of tho wires in any case, since the reticule, as 
made hy as, although very light in weighty is of a very stiff form. Too great pressure 
exerted by the capstan -headed screw* agnin*l the outer tube of U it telescope may, 
bow I- vet, change tne form of the main tube, thereby affecting Ihe true fitting of the 
objecvsJliic, and creating friction of im aetioua a nature « to M to the freltlbg of the 
objt'ci slide Tncntioncd In oilier [Kiiagraphs, 

In fidl owing the abovc-d escribed course, the cross-wire reticule occupies a position 
in the tclosoopfi free from any excessive side strain ; the result of which is found in the 
greater jn muini-ricy of these adjustment* ; and although it may require a little more time 
for an inoxiicrlenctd person to make the adjustment* in thli utannex* the aatlifftClklEl 
derived from their greater permanency will more tliari reeompew for the extra lime 
aiKnt on them. The adjustments should be made at leisure, and should no! be 
meddled with, unlew tliey appear to be permanently deranged; when, ordinarily, 
the adjustments will merely require a very slight ium of the capstan headvd screws 
and opposing nuti in (Ac jimjwr direvlioa.* I'neqnal exposure of Hie Instrument to the 
"un, or expire to sudden chsngea of tempers tore, may for a IS mo expand aotne 
ptna more than others, so that the Instrument may sectn to be allgliUy out ol od* 
justment. In such a case it would be better fo stop temporarily arwl cover. t he 
ir*4Trumcnt with a bag to allow Hie terupemture to become equalized, Instead of ah 
ten i tiring «ljustmcnts Unit would heed to be repeated when the instrument is 
a?ain in a normal condition. The use of mclaU of different re^efflcicuis of expansion 
in the const ruction of corresponding parts of an instrument will naturally kad to a 

1 W< rHff ke*e cjclu»b>lr to iht mfr# oionua n luuriah ti An*frkjn nugutanurt, * d** 

«4oil4er*ul ihe <a|«fciw-lftiikiS BgiJfn* t!*r itbt id tic itieKjc^, Jr*i whne tbe | 

lbrr*i» jn m tS« wirt mkult In uthtr Jeilt** » ** mtvk liMfUiwtri d C«ititi€fil* f 

kuroy*. xr K w nod* it* butt iUlinit! »if* frlkuh, cj|»Un-n*«n *****»■ 

S nsu ff *Vich At »irr must nmrij. nwiM SfW tn lni«T>*A la iht Uuct «•# t*i» stlicw l* »S* tocjJ 
»ilh list of ni'praK Ml * u«d ha lie u!tm4ac9l t 4 lW)*i Ttke»p* Jivth co AturUSS inilnwitaU. 

1 nm on pa^« + t , 


pnmirafrtdtmqtfawniof adjustment ; suoh *\m will be the case when thetrmpc 
of an instrument in greatly altered h!o r the ad] ii* tmenu have bmi completed. 4 
similar result U railed If the bubble of & spirit l^ni should not lengthen symmetrically 
from 1I10 c*uu-r of ft* graduate *cuk in varying temporal urea* Tbtue impcriecm n J t 
bovever, **klotn occur in iKutnunMU* of modern make (or if they occur, they are gm^T- 
Olly enuaed because thy principal coiioiltutijia, ghtaa and metal, arc *u Iwianre* ,,f 
widely differing co-ellkienu of expansion < and arc generally m slight in well madij 
instruments, as to be of little practical valup, and may W overcome by adjusting thy 
instrument while at a mean temperature of an entire season. 

If an inuruiiunt docs not remain in adjustment a reasooufok length of time, the 
caure that lead si to the trouble, such a* a loose ohject-gLa** or cell, ioctic obj^ct-diUe, 
worn out screws or bearings, etc., must be found and remedied. Jf tin* U beyond ih# 
■cope of the ojierulor the corrections should be made by an Ium rumen, t maker 


Some Facts Worth Knoirlug. 

Tfc# Lite #f MUaatttu. 

The expression * Line of Colli mat ion/’ usually defined vaguely In treatises on 
geodetic instruments, generally means any line ol sight in a telescope given by the inter* 
section of the cnxa^wirea. whether they are in perfect adjustment or toot. The term 
M Lina of CoHJmation," should. however, he confined solely to the line of tight dittoed 
by the cros* wire* when they are in perfect adjustment, with ref crone* to th* optical 
axis of the object glass ; and any difference existing In i ween the optical axis of an ob- 
ject giaM And the actiui hue of sight as delineated by the geometrical axis of the uustm- 
BUttt U tho " Error of OoUlmatJon. 1 ' 

Tha principal optical axl* of an objmrt-glusfl ii the line positing through the optical 
WPtar* formed by the curvature® and the thicknc** of the two tenses composing It 
'Hi via it will lie seen that it hi A well defined axis, giving direction to the light passing 
through an object glafti, and that, when the In terete lion of the cross- wire* la placed in 
its prolongation at the focus of tine object g lass, it became* the axial or fundamental 
Hue by and from which aU measurement* by telescopic sighting are made. if is tM h'ni 
uf o^fima/ioiL 

To make a good instrument, therefore, it is necessary that the outer circumference 
of the lenses composing an object glass shah be truly conceniilc with the ofuioil cen- 
ters. Hie aim of the maker is to so construct hU inatnitiifiirta that this optical axis 
shall be truly concentric with the geometrical axis of the ud&Krtpe and that the latter 
shall also occupy a normal position with regard to tlie geometrical *%Ui of all other im- 
portant part* : upon this depends the proper working of an iuMremictd* 

In the larger ptodetk: ami stationary astro rvomical Instruments, the telescoptw of 
which are arranged only for distant sighting, this condition is readily obtained ; but it 
boomne* very difficult of attainment In the *m;t)kr geodetic instruments, since, owing to 
thfi varying position of til* fbcu&Stae elide when ^t fox dyforwiif ifiahrocrs, the optical 
oxla may not always remain truly coincident with the geometrical axis of the telescope. 
Berne 111 these instruments, ©ms/ul/y fttr dwf/iul sigAthi, then* is frequently an 

emir of cidlimation when nearer eights are lakeu. In the hitter case the intersection 
of the enws-wire* remains no longer exactly in the optical axU, its displacement 
being the cause of the error observed — disregarding momentarily dm other and motif 
complicated features of different instruments, upon which the line of colllmntnni also 
depends. 

hi the Engineer's transit, however, the tine of colli mat I on must also Ilf exactly 
at right angles ta the uxi* of revolution of the tefascupt, m that when this axis 
is placed in a horizontal position, the line of col 11 matron shall dr-scribe a truly verU'-aJ 
plane, whether the tcdcacoiic he mounts! In the centre of the uigErumefit or outshle of 
the ]datre, or whether it be fixmaiuni for long or abort sights. In the more common 
instruments *A this class, where the tclcsco|ai Is sltuab'd in the center o£ the instru- 
ment, the intersection formixl by the hue of eolliiiuition And the horizontal axis of revo- 
lution is also required to lie truly In the prolongation of the vertical axis o£ revolution, 
si> tfiat there he no fccjptriritv bctwwn thd vertical axHof revolution and the Hue of 
colli mutton when nIxIha are taten at objccra nearer lhaii 200 feet. 

hi transits of t W Utter type. And hi wditeh th^ aIn>t* condition* art ful filled, tho 
stghu taken wrould at once define the tru* sngte, and no reversing of the idescof» 
would foe necessary, were it not for other reason a. nn account of the necessity for 
eliminating the eccentricity and error of grathiAtkin and rentiers, u well *a fordiminnt- 
iug erroni arising from mi fnaccvrmtt lotjustmcnt of the lino of coliimatlon and of the 


■ imtu t of the totoaeope In the vertical plane, an liwtrnmcnt should be t«vtlMd and 

■ .4# should be repeated. Throe remark* apply equally 10 transits inode ’With the 

^ ^ aa eccentric podliOQ. If ili*.* Hue 01 col Mutation la truly at Tii^hi augk$ 10 
V* u t 7i.nu; axis of mointtort, Uio amount of the offset from the line through the 
"* of ^h, instrument to the line of oo)liiii;it»i>n will equal the eccentricity of the latter, 
’** p ni:un tho same whvtJier Use night* Ik long or choit, Ak a rale, however, the 
^ t -^odtiic instrument* of the latter claro cannot be constructed with the some dc- 
-mi , 0 j petfictlPii iw those with the tclroeojN? ill the center sand in consequence the 
PvL wnpit«!ntf such msttumenU will have to rdy upon method* of observing that will 
SfuiiaW all iiwtnmiaiiua errors. 

r t n || ]lf engineer's wy * level |ht lino of cnHiuialkn must be troiy concentric with 
A rtnieci-slldi! and outer ring* ; and It la ahm necessary tii.it the tclescopo bo well bob 
mncoil from the writer of the instrument* Id order to project a truly horizontal line, 

' IHflicultof attahnneni a* the fotvgolng condiumi* may m*Mi t it te proper to aay 
tbit Improved tools, ami a generally Xmlv r understanding of ih# principles gov cm log 
a t*l£*c4>jic and its relation to the tu »trmn cut, liave done so much toward Uw perfw* 
lion of eidetic Instrument*, that white it nay not always be pOMtbh* to make an 
In:* iron a id in which the line of sight for both wires remain* trot* for alLdbiaucro, that 
Mitltcaii generally be secured, for at least the principal wire, Without requiring any 
but Inc regular c rots- wire adjustment. 

By the foregoing explanation U will be readily understood that It i* of great ira* 
tjonai - to have the focussing slide of ouch a telescope fruiy in order that the 

optical axl* of the object-fllas* may eolncht* with the geometrical axis of the iclroe* pt% 
whether Uitft slide more* In live nmin tube ami carrte* the objechgloss, as is the cosmm 
ju.iv in the smaller nut rumen U ; or whether it tnofe* In special tings provided for it in 
the mate tub* *t tho eye-end, where it will contain the eyo-plcoe and tho cross-wires, 
a* ,r the case In all larger instruments. Any lateral motion in the /octrasfijp stiifr that 
carries the or the cro^artira, will, therefore, tie range the adjofiirnuu of tiio 

Jlno of collituaUon. However, it i* equally as dear that a wabbling of a ft<rUH*jh£ alld© 
carrying an eye* piece which serves only the purpose of a com pouml mfcroaccpe lor 
c ow? observations of tlie wires ami the image of an object, & *>i no account sate that 
such Lateral motion may bo in* great that Uu> obliquity which the optical axis <»f the 
eyepiece in. iv at times Imve with respect to the optical axis of the telescope, may caute 
•onai parallax, if Urn wire and Urmire under idtservAthm are not sharply focussed to 
pi!,r. In concluding, it may not be considered nniis* for a fuil understand mg of 
thla siibkvt. to also mention in this eomteclhwi, that any transparent substance, such 
sftenfcfffirj^Jntnotiuctd between the objwct sighted at and the 
ohyret-glajia, will deftcet the line of sight from Its true course, unlcaa such pant can 
b*' nmt optically awl mechanically perfect, which is rarely the case with out cUborai® 
adjusting apparatus. Th# Introduction of a lens or lenses tetwrrn the object^!*** 
ami wir*:a. or that of a yt**a mteronwici, wfll also have the tendency to deiUct tho 
Optical axis and affect th« Um of eoUtmatlon. For this reason 11 Porro , a leleacoper 
which fequliT* a lens between the objfCbp low sad the wires, complicate* the above 
con il it i onn of a measuring tedampe; amt while It may prove of some value ill stadia 
itiea*urauw*m* t C*i> never be adapted for flic engineer** transit so long as the proper 
fimctloot *>f the transit tc’csco^. as explained above, arc considered of the grvntcst 
Jmi^itaiKe. Tlie- successful performance of art in strum tut should not he sac ri Ik til 
for the ^ajee of »omc doubtful novelty. 

The proper way of attaching prisms otwl coifed glasses necessary to make sun 
and star oWmdsni la lo put ujion the eye*jHect' of a tekwepr. After th^ rav* 
from an object Kits fou^eii through the objecp£la«u at^t tin* plane containing the 
wires, the lift* of *&Jtt us fixed by the object* optical &%H, and Um wirv*! cannot be 
Chan end by addtlkmal tvfroctlon. The best way , tberofoK*! U to apply prisms anil 
si -eIp-kU^vs ho tween th» r eye and the len* nearest the eye. 


Alum! 1111111 fur IiislrumentH of PrtH'inItm, 

In consequence of recent iniprovetncnta In the producti*>n of pure aluminum and a 
conv^potxiing groat reduction in Itacoet^ we freiiuonily liwhti lUquiriM aa to the adapt- 
ability of tlib metal for the manufacture of engloeeiu and aurv«*yon<* field instromeniij. 

We may be (HMuiithnl u> say, that while we were among the ciirJir-st iidvixale* 
°f ajuuiinum and ins alloy* for mathematical inoirumeutw (see £riei*f jfle A merteam, 
Fob. I, ih>i, wc arc not au oonguine concerning its ado ptj oil for the JtiKst ch'^a of 

* ?b# oV*(t iirwn, » j11.»cfcjt^c iu the eOfecl cM >4 R mitxng *4 in *ltcp 

tmti j«i pXic«4ii ill# nbi-<t id th* litined sc, nun <4 rtreciKt) be <4 very limited 

3f W, tiiKr \ht t*Ffhir>t dunev <t tht prism «# *\ rMUsem£,rf s chinas <4 tin p9«iUon ti thr idlKnfc ilwll cc 
<*t iu tb)tti «'z*ic ^tll jhj^i uMiVnly iltrirvt ibt Ine ot *4*1 lr*n* in in*t and g U* s** Mtulscuty nwlu, 


geodetic InatnunenUt, os the** inquiries would warn lit u* to be. Then* are eortalu 
advantage* derived from the u*o or the lighter aluminum Instead of copper and iu 
alloy*, — the metal* now employe! for fteW-inmninwnU; but the disadvantage ute 
that pure aluminum, although very rigid, is noverth-],^ u verr soft metal like tin 
and that, when alloyed with 10 percent, copper, lo make It harder, it become* very 
brittle, but when alloyed with p. rroxiu or 30 per cent, of copper, ll become* 
brittle a* to limit like Therefore. vie believe. In the present eta to of (t* 

development It is DOt a nullable rnaict hti for prwdblott instrument*. 

An alloy of 9G parte aluminum «eid & parte of silver by weigh I has been found to 
give good reauJt*. being mom rigid and harder than the pure metal, and but little 
heavier, while It 1* almost n* resident to corrosion, polbbe* well, and i* paid to 
w better for graduation; but, ito fact that It contain* tdlver, will, of ntw**l|y 
Urn felt* use to the mom exceptional cl up* of work. 

Wiy IltUf i* gained in the way of reducing the weight of an instrument by eru- 
ploying aluminum bronze ilk) per cent, topper and lb per cent, aluminum}* Tiio 
part* of Instrument* made of the latter metal might be cosily reduced somewhat 
in thh kne** on account of its greater rigidity u* compared with copier allov*; yet 
to lesion the tendency to vibration, ami also in order to wlUiMand the wear and 
tear of t h^ field use of au instrument* *M*eh part* need * little more itnma, or dead 

weight a* It may 1*> called. It Is then found that the weight of an instrument re- 
mains unit erf it Jiy the wiling a* ever, An exception to the fill* may exist in the eo®* 
etructlonof the larger and stationary astronomical Instruments, when? aluminum 
bronze may bo used to a certain extent to advantage. Its adoption I*, however, 
watridc<l to non* revolving parts, since, when doeely lilted Into bearings mode of 
the Miner copper and tin alloy*, the frletkm and wear of these p*rf« M m marked 
Uiat would never think of substituting St for steel, bell metal or Ikhoopho* 
bronze, or for any work requiring a smooth and aoeumto motion, 

FflCfe can Ijs mi doubt that aluminum j wweitjK'x great utility over In the 
construction of Enatra mmt* of minor importance* s*\t*nu, re fleeting circle*, ami 
thu more ordinary conqNU'se*, * part* of plane* t* Idee, etc., can b* made of it with 
propriety* Wo have used it ooramienalty for runny years, but for reasons already 
slated above, nv are not prewired to iwivw4t(i It* geneinl adoption for Instrument* 
requiring greater pfticl&loti, each as the finer tested*, t ie sided it*'-*, etc. It is only 
in rare oa^es when * jmJU knis iim* of thU nodal may be a necessity for the suHneeJ**- 
fnl construction ot an instrument, as for Instance in our new style of m Inin g transit, 
perm In Jug of vertical sights up and down n shaft without the use of an extra side 
telescope, when? certain detachable port* of the instruments are mounted in an ex- 
oerdrie position, and unless such parta arc made of aluuduuiu they would require a 
heavy counterpoise. 

It is principally the indiscriminate ua* of aluminum that we would warn again*!- 
We are aware that transits have been made of aluminum, but aside from their nov- 
elty os such, little or no merit can be claimed for them. To make this fully under* 
MohhI, It will bo necessary to explain t hat alt the finer bearings of an Instrument 
made of aluminum, such n* coalers, ogott Mi**, kvdiiig and micrumtirr xtr?#** etc,, 
will have lo b *■ with* harder and non-friction n total, lo guard against friction 

and wear ami to obtain the dose fitting of such jairls, and permanency of adjust- 
ment* mi iiccw-suy in IttitruniCl&te or pr*drih>n. Now, to make the principal 
bearings of an iu>l rumen! of different metals, will have the tendency bo weaken the 

G rt* m> treated, to make them Jeeo secure. and to render the adjustment* more 
tide to derangement oil account of unequal contraction and expansion between 
1 be two metals. It simply means, then, that the present high state of pv*rfo(jllon 
In geodetic instrument*, which retain their adjustment in the varying temperature* 
and clinic# of our zone, shall l*r abandoned, and we go Welt many years to when 
the Indiscriminate use of widely different mciafcs Often matte an lusr rumeni entirely 
unreliable^ except w h heti iNd In the tflmpnnliiw lu wldeh it adjilirted. 

Mmlern Inetniment- making has, however, already achieved great mmlt* lu ro- 
during the weight <d tlehl Instntruenli By linj»rt>ved desfetm and by the uae <»I 
liarflcr mctoU lu place of the *ft bras**, n*markiihle chaugen have ii.'cn brought 
about In the weight of instrument a. They are no longer the heavy and formle*5 
structure* of soft or Emmmered brasa of yore, but are of the type and character 
of a loug-span steel bridge, ns compared with an old- flush toned wooden struct ure. 
Kvery Impartant memlter of an instrument is HOW calculated with regard to its 
Strength, and the materials me particularly chovut for the part they are to perform. 
* C«9*iw wist AloadriBm, siiIcp* i4Sa)tteil frets rtbshtc »4H]fC«*,cfVci4 e44ttsJut m *m*\l nmimiil of ire*. 


to ihc many iniprojenwnu mad* m the design* the U»<? of better maierUls* 
tho »:pi>rkatfoo of apacimiljr do*ignt4 tool* and ■mchiiicty, it Is no longer ncctiWJuy to 
^ ami heavy 1 1 i>truijii , Mf> An inMrittoeui of about two- third 4 ilir size a mi weight 
# t(l \ v " made tfctl or fifteen yearn ago will now du the Mima cln»M<>f work. It la bv then© 
methusU liwt Ugftlw** L** beam galoot* and to them w« rauat look for Advnnc** In the 
future If ill cio Uir *iai *" anjuMiuiiKiit s* decreased, tfw redtUnce of it* CXJHmtd stir* 
fioe* to «SH'i yreirtttre, causing sudden vibmtjotnt or tremor in the instrument, w|U cif 
Meaaitr require * omahv amount of weight to secure the needed atcAdln*** awl if this 
we S S Hi la no* in the i^oper. It will hate to be in It* tripod leg* Tiib h 

rjcwcbdly trw in m *»f high tekacope power* «nd aecwicivc spinMcrri# Wim ]« 
ueeditfi In that engineers and surveyor! Itoold hn^ motw ooididcnc* in tnitrumeut* of 
visiter dee ns mndo by the U*t n inker*. 

UTirrv vr few irdflAf Is of gnat importance our mt runs should not heviinto to order 
our smaller Tft^tn Nn*. 2 t 1 or 4. wv%hlng IMw and 5 lbs, respectively, In preference 
; . i /i Ijtfger m*truiiM-iit made of Aluminum anil divided U> single riIhuui, but of equal 
viv.gbt These small Ihxtriim»*nl 4 are just as durable and eapublr of doing jiui an close 
work an the larger living mad** Of * like mctnl throughout, frfaone coefficient of 

tsjmn^ai* is lower, they will retain their adjustment* better than lancer one* load e in 
whale or in part of Aluminum. — Suppose an inurnment is adjusted in-doors and im* 
ni«liai*dy is tihen into the cold atmosphere of winter : other things being equal, if the 
COefflctsmt of expansion d some puna differ the Adjustments will ray likely be 
deranged, —* Bedde* the instrument being smaller, tho boxe* are likewise smaller, thus 
reducing the weight and making it nmn' portable at the same lime. The same, in a 
aws-ure. can be *ud of the tripod, although it I* *£fttiisUiUr conviction* to use a lighter 
tripod with a mull transit ilian in used on the larger ones. 

T in only exception to the above rxgm In the Tefacope, which, of course, being 
eorw>*jK>niiin|jly shorter In a small Instrument, will bare a smaller aperture and lean 
power. However, to secure the same aperture ami power for Transit* Nos. 2 and $ 
(No. 4 being InWirilagk as for oar Transit Ko. 1, witn an erecting eyepiece, it Is only 
wcaixiry to order an Inverting telescope to attain these conditions. 

T. * t*; are other reason* why makers should be somewhat conservative In the adop- 
lion of Aluminum as a material for the liner class of surveying instrument*, but as they 
relam principally to llie treatment of aluminum during conatriteilon : graduating 
prcti'M, etc-, they my bo omitted here. In conclusion we wish to aay Unit the future 
development* in alloying it as a with other inctala or eomhin&ljon of metals, will 
tc wntdifld by us with due care, and that whenever such developments will warrant 
their vlopilofi In the vartuus pans of irmrumynta, wo will only bo loo glad to avail 
ouralvo* of any suiieriority such alloys may pooaoiot. 

* Thr Af#*«S mrt+JJrr ft 5 ****?»*{ /wfnimn/ it tA*l h|^ Ui a *4+J&c tent tftxfu win /f * f 

tC# f •'*»$/• Trjx K* ,«i(» wain ;vV m trmfrrAtr,- t* T 

Coefici#®! of fit ItrMr font, lir i° F. . , , , * WJM Itches. 

'* ****1 ** ** * f * i t * * • » OvGOCO?6 *" 

ImBB 11 11 11 * i 1 * * a ip 11 

* »}j<iu«ifn i** lint u hwt. Its Y. w 

Alumlmia it |jrUif»t rtitKved Ifum the rvqM#fn>tot^ s^ffl « caw toife Kirill, uid *i>* 

igput Mi] h wdtr thin tnw ; and w» JwHn fr«uk hwU bt rt*Jfe seutt ifiy oltoicd wm ti wrt tor tht 
Vh iwnpMM, aid tA# laUfelfy to mtt Ln die fetiJ, 

Hopnlr of Inalromevkli^ 

We w ofttm applied to for roiTfctias »ew ami re]nmng old bwlratncuta m*3t 1>r other 
zai^ets, \Vc wd\ hefe rnuark, that &t WMrktuni*lnp, inxicr^d sad coattructkui of difTerem 
Boki'fi' imirumcuti vary frou uw anoiber, it U uficntiBie* irDpo^ihle to repair them in an rn* 
urt.y *stldsetoey inun&er wjitaat going into an nnwarrauishh gran e x pease t wwithott* mak- 
' web xltirrmixim a* iriHikl fracthnlly torke a ocw ow, Wr will aiways L'uaran-!i« io mch 
ea*ri lopni the iiiMminriit in bj go*h1 order anl ailjiitctTinot a* thf character of sis construction. 
*>}tkia*mljlp ami raaierkil, the extent ofdamaifO a*>l the jrcwcral w<or will pirtmt, %Ui\ that all 
** 4,r * pranijiily a ml coeadcsfiottaly mode* The charges will tw iccofdfair to tiiru? 
fiimiM], sikI aslow n* is con-^tent with g-JOil work* Partic*. Handing in^rueB^nn abouM p>int 
1 J ’lot ail whatever ports they with to have tvqoited; hut die ln^t coime to tie pursued Is to 
hive die iostrimecn put no LkttrtiupJk orrfre «mf admariaraf, implying as it doe*, that the 6m 
>y hl roakc fc -4cb wamntalilt- n’l^ir^ "* will make H os serviceable as Missib^r. This co^r'r in 
imif« oxpaaotrev bui thrment satisfactacy to iitsaro ifwwl mirk, and it U also the rhea] wwt ia 
thu c&:l, — Our own mitrumcnis. whenever practical >4 e, xhoulil aluay^ he sent to m* for repairs to 
• s'Ainc f j itc»t saU*faetM>n. Much timr und nrnaer is fraqttcM^r saved by sodoimr, os u t are id a 
JJ^hjon to dupISttlt P»ru fmtn stock nn tool, fit temlimr mlosiraoctetit to n* from a distance It 
™* 1 1 lk * eartffallT placed in iff fax usd then again In a /wrAwio Aoir* a* fipkkrxd under ** Tnn** 
tfrtaiion of la^mrocnts/ 1 I'-irt L, In order to conform to the ruh-s of of the large Expre4 
t-mo which will admit it to single rates. 
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General Remarks 


Tim OPTICAL PAST, 


In the construction of telescopes for engineer*' instrument*, sevo ml difficult Ip* 
ptvs.-Jit (licntcrim. To be )>ortJibk tin; tele*cojR< mud lm of Mint li aperture, Ami 
of #!nfri foem To make U of short Ibcu* and yet main #nftkleut a]**itmv to give 
ti»e N*bt w ait tiie oyo-ptoces used, require* e^^UI care on tho i«rt of 

the tusker, both lit jm wining tile true curves for the crown am] Hint glass* lm *?9 
which make up tiic achromatic objcct-g1»*s, and lit adapt liir an er Adeev which 
will secure a lit Held, w iih the least distortion. 


fH the many forma of oye-ptecca known, Messrs, <\ L_ IiKuorii ,t Son*, after care- 
ful etpertmente with the formulae by the iliatlnguMicd aHroootuer, sir 

te' B. Airy, ami tin- late Mr. Kellner, of Wmiar, (tike two l^t formula* 
known.) have adopted tins latter, Mr. Kellners formula employ* four loii^ 
tnixmtcd *ep®twtely. and *o arrange! m lo secure a Oat Held of eta nhann^i tkllnU 
tlon, to the very edge. * 

Tlic niapiifvtug jNiwi-ror the telescope drimtul* upon the relation between the 
'" r *l length ot the object -glas* oinI iltc road length of tlw crc-plecc. considered as 
* single lent; Tbut^ 

P — focal length of the object-glass* 
f = ** fc * M eye^dccc. 

Tlivn |r « magnf fyi ng power of teteteofie. 


It I* readily amt that the magnifying power mar he increased or dlmlnb'hrd hr 
ahcrif.g tlie focal length f t of the eyo-pkeo; but if the maker Increase* the power 
"*> «»■*«. *■»<* only a fixed amount of light can enter the object-glass, thU fixed 
•monut or light is spread over too much surface In the Held of vku\ ami the object 
i is therefore COO faint* If tin- maker gei* tile nmgnifvlng power loo wnall, 
incii !J>r engineer faai a dlHkuhv In pointing the telescope occu raid y. Some other 
point* in regard to the magnifying power will be referred to iu the description of 
tie- transit telescope, C. b UtALniiHS Son*. have found about 1 weoty-four 

UUiuutcni to he the most satisfactory power for their Enjcln^n’ fltailt Ttiwmip*; 
and Id h vcli the fsowern increase In proportion to Hie sire of the Instrument** 

' vr y much dqwiwU upon tlw* optical port of any instrument. nod very little hat 
hccH pul into the bands of tin? practical engineer by which be may rigidly lest it. 
■the following suggestion! may he found convenient. 

Hie telescope should come sharply Into focui, and a very Hide movement of tho 
TDciivda** wtcw, either way, should cattM the Imago lo blur. When it is sharply 
I'jetiRittf* covering any part of the object^gUsa without altering the focus, ahouhl 
JJJ* :, . ]u ' r <l ie titarpia ^ of definition but merely cut Off light. The pencil of light 
enter* tin- ohjee E-gln*** ahoubl come out at the eye end* To ascertain this 
*V*' w hether a pointer which yo*t place best in contact with the c<lgc of tho object- 
^ n t Ai 1 ^ wholly seen in the Mnalf clbcof light which you w ill notice at the 
BUi ill opening of die eye end when you draw your Ueasl hack some inchs?a from the 
^n'fctxjpc, and point tlie nlf#co|^ towanl* the *kv. If tlnr pointer cannot Ik* fee® 
M* to tli- very edge, IlHMi the maker ha* liacrtnl a dbphrugm which cuts off tight 
mi ® tile nbbTtrgiasB* suid, very prolxibly, to conceal the fault* In making* in this 


case the real aperture ofthe telescope is Mind hy moving tit# pointer over Ui# object* 
gb** until it « |Hiini Is jus: vblbk« and nwisurli^ from tin* loner edge of the bron 
eel! holding the object-gloss to the pointer, Twice this distance laMtaMtd from 
the distance between the two edge* of the brut cell* mill give tlic real or clear 
aperture of the telescope. The clear aperture, divided by the diameter of the small 
circle of light ut the mtt mul, wIhmi the telescope h foeuwd on a distant object 
will give the magnifying jwwrr oft li*telcuro|ic. Thu* the clear aperture of a tchs 
w)*\ me iHiiml by roeim* of a pair of dlvMer* nml n *cu U\ mas 1 ^ 35 * while the 
diameter of the circle of U^hl at the eve end, tv a*. OV i 0 4 hi this uMf. the tuagnirv* 

135 * 1 

Ing power of the telescope wa§ ~ 22,-5 diameters. 

Another way to determine the magnifying power, i* to measure the mipiln- 
til stance i*-i ween two mdiua with a trim sit, and then measure Lliosamo distance 
with the tele ecu [>G of which the power In to he aseertaim-d, placed so Unit the tran- 
sit must point into it* object-gins* and ace I Ik- same angular distance through th* 
-*eoud telescoi»efur/rt(i^ 'Then catling tin? drat augle A* and the angle an seen 
diuunUlud through the introduction of the second telescope inverted n, w e have 



instrument direct, and found to be, 1 When a V level* previously foe dm* d 

on a distant object, wm set before the transit, with Its object-glass towards the 
tranitu the same mb w*i measured and the angle was found to bo but S' SO** hi 
Ihid cose, therefore. 
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r «^SLO dkuneteraJ 


the magnifying power of Y level 


Or. for an approximation, a cnrxl cut one Inch wide may be setup a room 

by the side of a measure graduate 1 to inches. Then, the number of niche* on the 
measure w^-a hy ono eye, covered by the Image of the while curd «*o thnmgli the 
telescope by ilro other Vye» will give, roughly. the magnifying power, 

li is dlmeult, without month- of iwc, la fully te*l an Instrument In all hi parts; 
hut in chousing an instrument the engineer should bear in mind tliat the making of 
tho transit amithc level arc considered to be feat* of mscbtalwl skill. It should 
be remembered that there is no machine so delicate tint It can rfufsA the essential 
parts of *n instrument, 'flic last singes in its making must depend upon the personal 
skill of some fneclutmc* who lias a reputation (hr that j^rticulnr work : and wc an? 
loriy to add, that fo difficult t* it to secure 1 1 »c nKebintefll skill and patience re- 
quired in the ilnlshiug of the Interior turns, the only essentia! ones, and so easy is 
It to add the lacquer and polbtiof the outside, tliat the market Is full ofiuitnuuenU 
sold at a price enough lower than the best makers can work, to wn?m to effect * 
large aavlitgof the luitcoet ; but sneh a saving U money borrowed at the high* ft 
rate of Interest, when the cost of annual repair* U considered, It is better at tb* 
ouuot to buy of a maker who b noted for the rouKdenElous accuracy of hU worth 
An Imperfect nuck motion; n screw turned haute oh (lie wrong thread ; n wabbling 
of the ubject-sltde or eyi^dece; a alight apace between the edge of the Tender ttiu 
the limb of the drubs; in fact, any mechanical defect, no matter haw slight It may 
seem* may bo taken as a pretty sure Indleattofi that the work has been slighted lit 
oilier pnm ns well* and sin mid have n strong Influence in guiding the selection of 
an instrument, lit the absence of a tm by work in the Held* 


The Engineer's Transit. 


Ill the M part of thi» catalogue, (k I*. Bkhoeh A SONH, have pointed out 

the peculiarities and improvemcnti? In this Imtnnarok *• conttnwncd by them. In 
speaking of the 0^)0-11110111% of these Instruments it Is well for the engineer to 
remember that the const ruction is aimed to be such that if the telescope and level* 
are carefully adjusted they may remain so for even a number of years to come. If 
the ins trail 1 cut taller* n© rough usage. 
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Description of the Telescope, 

Tur object-filers *a achromatic, being made of two lene**, one of crown anil one 
rtl mot Both theec lenses art mode of the celebrated “ Jen* ' f glass (mlnv 

about 1S§5)« which tiu a greater index of refraction and power of dispersion 
tjian known before this time. For the mo#! part, that In, whenever the diameter of 
tout** la *>o* uh> large, vc — since l^wfl — cetoeet them together m\ a> to 
make on# Icon only. In so doing the disturbing NfiteUfint from thrir Inner eur- 
and the ^tiling of a film between them i h j^rovenud, besides neon ring to the 
l^l^eope an additional amount of light c^uaE to about 8 per wnL The curvatures 
-4. computed from special formula, no that the tciesco; e may have the largest 
possible with & short focal length. 

The engineer will the slightest gain In the diameter of the object* 

g]n^ t -ilneo the amount of light received from uuy object varies u* the M|ii*re of 
chut dUmeter, Tims an obJect-gW* l J Inches in diameter will admit half a$ much 
tight again a* an object-glass one inch in diameter. 

The eye-piece, or ocular, a* it 1* sometime* called, l* the mmhlnaUon of lenses 
eo*d in the telescope with which the iumgc formed at the focus of the object-glass 
la viewed. 

The simplest and most oommnnlv used eyo-pleco In the udeucopea of imitry- 
me nts of precision, where *iriiU?r-t bread* and micrometer# arc used In making 
mcrtHU remenu, la the lUmsdcn astronomical or poflltive «^H)toee, It consist* of 
two plano-convex lemurs, commonly of the same focus, placed apart at a distance of 
two»lhird& the focal length of cither, the convex aide* facing each other. It hae 
the advantage of l*drig plu*>-d behind the focus of the abjeot-glu**. It fa* almost 
free from F|4)pri<d aberraUt'D, and civ*-* a perfectly Hat Held of view, m> that the 
sptder-thtvud# can In? seen distinctly throughout their entire length, Imfortuii* 
ately it Ed not entirely free from chnmmlie aberration, that 1*, not strictly oehro- 
mite .and therefore the Kellner and ikelihciteyo-ptaeca arc frequently preferred, a* 
hi them t he chromatic aberration if eentfbly eliminated* so that a bright object 
vtowrd with a normal eye will appear achromatic, a condition as important In the 
ejtyiUr as in the objivf-ghiM*, 

Tie KdloCreyivpIcce, uJho, cOD&lhLS of two louses, The one nearest the eye, or 
evedi’iii, i» a compound lean composed of crown and flUit~ghi**, a* In the objective. 
Both an? cemented together ^ ns to make one, to prevent h>** of light oonecijucnt 
upon a ray passing from one sufaM once into another. In ii* c«miun>ii form the m 
h^ns in iiUnooonvtt, with the plane side the eye, while the eooond or Held* 

Jen* is dou blo-con vex. 

In t he Kteluhdl eyo.pl we both lenses are compound, a* In the oyo-kmn of tho 
h^iJner. The parts of each lens t*d«g eemeubd together, they form two double- 
Ci#civew Idisc*. and therefore it may dreignated on an chromatic double eyepiece* 

I here re Botne deviations in the construction of the three Cye-pkoea mentioned 
awive, mu mainly as to the |Mfoper curvat ure of the Icnaeaaod their proper distance# 
Jpd* depending as they do oo the index of refract km raid power of dU]>endou 
nf tiie glass used in the cotKfiUwcUon of the object-glass and eye- piece, but the 
prirv tp|,* ha al«-i%xt expUtoed, by which an achromatic image ts obtained! undertiea 
all of them, 

Th- Ilamaden *>yo*pleo«; Sm generally preferred on account of itg gh^ater simpll* 
™y ttrt, S lb rtut Held of view, whleii latter coiMlItlon Is morn difficult to be obtained 
^lUi the Kellner and Steiobeil eye-piws In [fowerful teloecopee of limited length, 
<ni account of the botueivhat larger Held of view jh^-^es^ed by llunj*? eye*je,eees. 
moo -iitr, the ootunouad lenses aro lUblo to be affected after u while by opueitios 
SmIT™ ky*ery»1*lliEtttii>n, iu It wero, of the cement uniting the parts compo*! eg 

j , hp‘cta seen through tho aIkiohm^Uodik) eye- pieces arc, however. Inverted, 
ariri Mes-?opea ootiatruotod aro often objected to on this accounts It mnvrthe* 

^ Is the moot proper teliweope to use where line tclese^ie mi^asurentents must 
oa Eiuule, im the ntiitj;-' Is mon? brllliout than when the object* aro shown upright, 

\ ^ fj^iulrea but littlo practice to gel accustomed to its use, Tho inverting teb 

ihi. ^ r hf * other advantage# that should be mentioned here. The eyo-ptoeo 
t J l,l| f Nllt ,r l«r t an otijoct^gtasft of greater bsuil length Is obtalnwl In the same Kvugth 
J -* iescopc, thrrolry favoring the condlt ions lmpos^l to secure the best dollnltion 
the telescope must be abort and powerful Any (MNCCe In the focal length of 
jyi °<’jOot>glafl« aibts to the magnifying power In the direct way, without entailing 
ST ^Ught consequent upou the of on cy»vpleeo mode unduly powerful, 
th *i IncreaHe In the magnifying imwer of tho ofe*p4oco magutfleii 

" Jea^t lmp4^rfectio«l that may cx fat in toe objecUgtati, and maken the croav 
,r '^ apt»car too ooarve. 
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In practice, how^r, many engineers prefer the erecting or tcrrevtrfiil trie , 

Such trieseopo# mmt be inode with »ti eye-phYc ootiaiiung of four Jenara* ft*vj 
adding two more lenses, objects are shown right aide up* us viewed with the naked 
eye. Ik the constroctlou of an erecting eythpleee the chromatic aberration cue i— 
eor rectal by the two additional I cooed required lo secure an upright image ; hutra 
the ca*e of short and |>uw*rful telescopes the difllouhk* presenting tktDRdr^ ^ 
secure a perfectly Hat flcUI of view are very great, and recourse mu*t often ho 
to a compound U?o«, In the Kellner terrestrial OJO- piece the third lens, rcekoolm 
ftvwn the eye, in therefore com pound. ami both initio are eeflMBN together. 

The Hujgfaenian eye-piece U used to a very limited extent in the nuini m cnler n 
telescopes of instrument* of prevision* It Is most frequently met with in the 
large telescopes used In PjjJShal astronomy* where object* are merely viewed, but 
no measurements made, The Held of view }» lnrifr\ but not quite tint. * The tiiuonrit 
of light U greater than In the other **y c*ptoo o». The oyc*p|i»ve consi^ta of two 
phtiun'oii vex lenae* with their convex aid** faring the objockgta&e, The mu in 
iurcef are* that In this eye-ideee the waiand lens is placed between the 
and its foeus* and that it I ‘rings the image ton focus at u jioliit half-way between 
the two lease* of the eye-plceo. The focal length of the second lens is three time* 
larger than that of the eye-lens* and they ore placed aj>art at a distance equal u> 
otic-half their combined Aval length. Tin? Image Is Viewed by the eye-lens* It b 
called a negative eyepiece, because the image b funned at a point laHween the 
hiUee*. 

The magnifying power of a telescope must be proportional to the aperture* If 
the magnifying power is too high for the aperture, ordinary object* will appear too 
faint : and If the Magnifying power is too low, the object* will appear so ^mutl 
that the engineer cannot point upon them whh sufficient accuracy. 

The magnifying power aliould be such that the lean perceptible motion of th* 
bubble of u level, or change in the reading of the verniers, should cause sulflcf 
movement of the erosa-wiref* over the object lu the fifU of View to he readily notli 
able. A higher |n>wct than th is Is worse than useless* store object* are Irss brilliant* 

A lower power would riot develop the full capacities of the Instrument. llewni 
C L Herger A Sons adapt* therefore, the magnifying power ami aperture of ilielr 
Loatnimems to the HuitlTcnera of the levels and the ilneiiean of the gradual i"ii» ] 

In the tdmoopoa of the imLrumetits manufactured by C, L. Berger A Sms, the J 
mam tube hit* a much smaller diameter than is usual in proportion to the six** of upor- I 
tore. This is accuinpthth ed without cutting off any light deri ved from the Mhjecbfl 
glu**, since the pencil of light within the telescope U continually diminishing la 
diameter until it i -Mimes to a focus at the plane of the spider* lines. Tin* danger of j 
an Increase of reflections caused by bringing the interior aurfaco of the teioeopo* 
tube nearer to this pendl of rays, is neutralised by the introduction of eevetml more | 
diaphragms properly placed, und liv the use of a sjsvhjlly dead black coating lor I 
the Interior. By this method of construct ion the weight of the telescope is greatly l 
reduced compared with the largo aperture* need by them, and therefore there is 
loss wear on the horteoatal aids of revolution, and led* friction of the object*tiUil% { 
There is, also, on this account, low* surface exposed to the wind, and the instru- 
ment Is consequently more steady. C, L. B* 


The ft rati nations* 

Engineers* transits have various graiiuaiions on their cireks, according to Ui* 
requirements of the different branch e» of rivtl cngUmertng* There ^arhuis gradua- 
tion a are i^msimI by opi> 0 «lto verniers, w hich may bit either single or double. Ameri- 
can laatnimanu have usually double Mqip^ito vernlere, commonly reading th* 
circle tu shigh* tulAotee or to thirty recondi. For a higher grwie of wort, required] 
In the larger cities and on extended land ^urveyrt, they riuiuhl, however, read to 
twenty or ten eecoud ft* 

The customary rtiuliuiUoiidof C. 1* Berger A instruments are, Flmt, — the 
circle divided to half degree*, the vernivra reading io silngb* ininuti^ 8ccou<l, — the 
circle divided to twenty 1 nduutcs, the veruiem reaitlu^ to thirty ticcomls. Thlnl,— ^ 
tbu circle dlvM to llft^n minuter, the vernier* rending to twenty mcow 
Fourth,- — the circle divided to twenty mlmito*, the verniers reading to twenty 
tu'eonds.* Fiftki — tins circle divided to leu minutes^ the verniers rcaMling to tea 
seconds. 
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To tbc r» lutlon between vernier and circle dlvirfoiis, let rf - the vtJtio 

f ^ ,£r1*ioa of the circle; d'«* the value of one division of the render ; d~d*™ 
fin' icoft count of the vernier, or. In other word*. the snuiUe*& rending of thoctato. 
1 tl r the number of *p*cc« of the vernier which correspond to (« — I) space 9 of 
ihe circle. 

\S'rt then have the three formula* * 
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TJhij-. r-*r example* ^oppose Urn circle wx* divided to island lx wm* desired 
Plod to Here, tl-- IV 

d — d\ or, the least count wJO* 


Thru, by formula (!) 
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Therefore, 45 fjoiroc of tlio vernier mmt correspond to 4-1 or(«-l) spaces of t!*o 
drrle* 


Suppose again t1w arc to lie divided to 2P\ and to be rend to Sti*. 
we have 
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In tills cam 


Tkerdste, 10 space* of the vernier taunt correspond to JiD, or (n — 1) spore* of 
Hi* 1 circle. Thm* arc die pniduatiiww which Messrs. C* L. Berger Ik Son* >>mri11y 
adopt fur cugiueer*' Iraimit^ 



The cut shows afKirtkm of the circle ami vernier, to Ilia si rate the method of 
wading to thirty aecondl. 

Tli* Hue* marked 130, 140* anil 150 denote 10* each. The shorter lines half way 
tatwv*<j| them denote 135* and 14fr\ 'ilia next shorter Hues denote whole deg leva. 
Hail.' the shortest lines arc omMhlnl of h dcgm\ or Stf apart* 

The vender comprise* the upper series of lines. Of this series only that half 
JFtugto the right or the vertical arrow, or aero* and having the tones in and 30 
u^ ihicd In the same direction ae tl»« 130,140, and 130 of tlm ram, fa to he used in 
comuTtion with these figure*. The vender U double,— one half to be used with 
? w ' of graduations of the arc, Ihe other half to be used when angle* ore Uhl otf 

opposite direct Ion, ami then the lower act of figure*, 210* 230, and 230 are Used, 
ft lit to be especially rvim-m lured tkt the figure* ori the vernier are inclined in 
Wtosauwo direction an the figures cm the are to which they belong. 

To lead the vender, tf rd note the whole degrees* ami 2tf ajMeea lying between 
1 10 degree division ami the rero dlvhdon of the vender* 

Thu* in the cut. udng the upper Hue of figure*, the tero of the vender has passed 




tbv 130° division* and UMtcd mi until it U between the 3CT ami 4tT space beyond th* 
1J§P mark. The itrst part of our reading will therefore be I3S° 20\ 

geoottdi look along the vender* beginning from the aero |K>Im, ami ui ibe din-^ 
tlou In which tl*e graduation of the arc run*. until one line ofU» farmer j* 
which seem* tti be a prolongs ion of an oppo&lte Him' Oil Urn arc. 

Consider oacb of the vender ipac^ between the vender rcro mid suck a nog, 
a* equal to 3d* of arc* 

Add the number of minute* ami seconds tlita obtained to the firtt reading. Tht 
result will 1 m the reading of the circle, 11 

Thu* we nodes that the render zero Is a trifle over half-way of the distance 
between the 30' ami 111' mark* of the an:. 

And looking along the vemlor to the right, wo notice that the lines of the ver- 
nier gradually iipmutcli the line* on the arc uuill the twentieth lino of the vernier 
U precisely Oppodtc a liiw* on tin? are. * it course^ (luce each vernier space denote 
30*, the alternate wc* made a little longer In the cut will denote tingle minutes, 
and oh the vernier therefore the twentieth line would correspond to W CO*, ami 
dure our first reading w&s between 31X amt If, this vernier reading i* to be added 
to that Jim reading. 

Thill* 138° $r 

nr or 

12JS* 3CT a will hi* the reeding of the vernier, 
u§lng the vjjf** r graduation* 

In the same maimer we proc’eod to the fc/f hi reading the lower graduation. hi 
which the figures in- Inclined to the left. Thtii ill the cut, we should find the rcco 
point of the vernier U beyond the 'S2 \ : 30 1 mark, and the Hue of the vender, which 
[g act* ndn gly a prolongation of a line of tlw arc, correspotids to I(f OD*. Then we 
have 231' 20' 

Hr «r 

221* HiK tt** for tin 1 reading of the vender, using 
the lo#tr graduation. 

Practically* la reading the vernier* llu! engineer decides w hich line is hi ooind 
deuce tiy tin* ]mnlliui] of tin* lines; on 1 «»th side*. 

He \\yii notices, roughly, w hat fractional jmc! of a *|h*c:con t he limb Hre laiwtTii 
the vernier vre and Cite hiM graduation mark k has passed, ThU enables him to 
took Immediately to that pari of the vernier 111 which the coincidence occur*. 

Thus hi tile figure the vernier j£ero is about half way between 221° 20’ and 22 P Ilf, 
Line engineer therefore Immediately looks about half way along the vender and 
tlods the 10' 0C>* division to bo tike one to right. 

When the graduation U to thirty snonds*, the engineer will find that if he only 
clKiOki, he can work to minutes with this graduation unite as rapidly as with a 
transit graduated to minutes, by simply disregarding the sJiortret Hue* of the vender. 

The iccoittl vender, which is Umlaut l5*j « or exactly oppoefle the one read JUet, 
may also he read. Not u* miwh to eliminate anv eccentricity of the circle and ver- 
niers as to afford a valuable cltcck h|kiu the angle measured. 

Greater accuracy hi the measurement of any angle may be obtained by Hi* 
principle of repetition, In this case, before and after mi angle bus been repeated a 
number of times, nil four of the vernier* diouhl be read, and if* tor example* the 
graduations proceed Horn rJfitkt io left, the left hand aide of each double vernier 
climild he read as usual ; hut ni the right bund side the line now marked 20 ou the 
reruler should be considered 0, ami the arrow on the vernier 20, Tlien, with lid* 
convention, only the minutes and seconds of the second vender should he used* 

Bui It should. Ik* here remarked that the nqieiitiim of miglre is nut now held hi 
iuctl repute by our best engineer*, as- It wm before tliej>rt'=ent perfectkin of the art 
of grnctUMlng and centering the circles and verniers oi engineering Inummonti* 
Tin* engineer wlw> has not ns*^l them will find tbr ground-ght** shades a great 
convenience hi Riding t he vernier- They are *o placed m not to bv readily broken* 
mud they sited a clear, w hile light iijioii tin* graduation*. 

Graduation* on solid -diver ah* much to be preferred to gradliottons oa anf 
known hrniu alloy, Tim surfuee of the dint cin hr worked very plane, since It I® 
of uniform texture. The graduation# can be cut with the utmost uniformity In 
width of line and spacing. * 


Th© Centers 


Quite a? Important »*tl*c graduation, ii the exa a liitiikg of w i wl maker* 
cUi tin* cent*™ of the kiirtruuMaii; i> M the two vorUoaJ metal axU, admit which ftie 
ciixi 1 * and t * ,l> rcri ^ ar P™ 2 t«nt- 

IV'tJi axes must be exactly concentric with tlu? center of the graduated circle 
^Tjtl the center of the horixomul axis of the tekaeope in any posit mu of the instru- 
mrin. The most wusUlvo level about the instrument should not abow an v displace- 
|0r ,it wbca the circle-plate w held* ami the lower plate moved by the baud. 

hi the construction of the iiuier center, the hardest bcli-matol should be u*wl 
ami for the outer center a red enmporitlo& metal of the bent <|iutl1iv. To Insure a 
true oooccntrklty of tin- axis, and consequently of the limb and vender, it b 
nccc-MJjry time they Should each be turned in a dead center lathe, vnch about it* 
own a.vs- In ftttiug Uki center*, they should turn without the dlzhteat pUy, mid 
jet with very little friction. m * * 

M *r*.C. L. Better A 8oo* take the prfleautlooof easting the winter canter, circle 
and vernier pinto in the same mould, to avoid any difference in the composition of 
the metal. 

The upper Plate should not lw liamnicred. since this would also dhctiit unequal 
expansion of the metal* in extreme temperatures, enuring the vernier to reml toe 
longer too short. 

After the plate* ore put together, the vernier ami limb should revolve hi iho 
Kims plane, to avoid parallax. The ^Kioe between the limb a:ui vernier should 
have the appearance of a uniform, line, black line. 


The f oinpuss. 

In r turning old lines, and nt a check in running new ono*. thnoMnfm** Is frequent- 
ly a very important \%xrt of the transit. Its needle should be tempered Ihrmighmir, 
and of hard steel, to retain ila magnetism. It should Ik; thin, and yet at {Ur nuinu 
dine have enough eurfitce to be strongly niognetk. It should bo awimg it|.on a 
swelled center, and o> nicely lilted Mint whim ui rest, with the Instrument k*vdkd, 
the two extmn* point* slumld just clear the graduation of the com pa*. 4 box, and 
rcadnr<clsely l different In any pm of the graduated arc, The pivot on w hich 
it swing* should bo conical, ami hardened ao that it may swing upon a sharp |>otiit. 
without having this point weak. 

The needle rimtrid al*o he so sensitive, that when drawn from Us pointing by 
dn + outride attraction of a plecs of iron hold in the ha ml n foot or so away, It will 
with* to the s:«nc reading Be veml times in succession, 

TO * ‘i isit Irenes* depend* upoe the form amt sluttpncn of the pivot, the Strength 
oflts magnetism, and Its Ik tiring on tike Jewelled center. 

it it should bo found that a needle has lost its scushivcuess. It is probably not 
sonmclj owing to It* loss of magnet Um, n* to a dulling of the pivot- Since this 
®*y Ittppen when the engineer Is wltlietit aoeesaio the maker * aiul an histnmiciit 
otherwise be In gi>od condition, it should be remarked that the pins can be sharp- 
Jh' d nft r removing the neinlle. by ink.ug a line oil-econo. aiul w hile turning the 
in*r t \ ii .it with one land, grinding the pivot, w Hh the olkloni In the other : Ijclug 
carefiil to inellne ttte grinding surface about to the ph ot- The pivot is orl^t- 
adly inrimd and sharpened in a lathe, and In grmilliig by hand, great care should 
bo take i to jireservu It* n hi kul form. 

Tin? two extreme point* which He next the gnwlnattofib togetlicr with the point 
oi :i*pf*iifJmi, should sic In one etimlght line. 

The center i> 1 gravity of Lite needle sbotihl be ns Tar below tills Hue as possible. 

The quivering of a needle so eonstnieted is iwit annoying, since the center of its 
lim i ting itimkui Is in the 1 In* through Its two extreme jKihits, widch are, thereforts 
stationary. 

To iletcrmhic whether the iraitait ludflm* any Iron in It to disturb the needle, 
H is * good plan, after *n?tth»g the Instrument ah that both coinpasa-nerttle and 
WniU-r rejo U 0^, to go roniKl the circle, setting tile vernier ten degrees ahead each 
“fuo. and no* log wlnuher the eonu^sfi-ucfxllc also describe* an arc of prccUtly ten 
degree*. If It Soe* not, there is *omc local attraction. 


:i8 


Tltr jfrnilmitlomt on the coin pa** box *houhl begin at the North ]Kiint.and rim 
VT/ J la both directions; then decrraw ioO again at tlir South point* In order Aim 
the needle reading i my indicate the direction of the tek ■sieope. the line joining ijT 
zeros of the ordinary cotupaiii ring mu*l Ik? hi the vertical plane, wirn t* 
Hue of coJlLiuuUuji of the telescope; arid like letter* denoting the cardinal poling 
East and IVj-it, trued \*r t ntuhin ^nil'll ; f <.* when the letter N Is toward* the NotiM 
tlie letter VV should he t« ■ h« East, Of course lire tieedle indicate* magncilgi 

north, mid In the ease of Instruments tin provided with mean* of netting off the local 
variation of the ult the reading? of the needle must lir corrected fo r thla 

local deviation. 

Spirit-Level*, 

The spirit level*, ms r^gnnls their stHUiltlvenesJu should In* in strict keeping with 
the optical power, and the mlmitlotii ofthc instrument, hut Uio quality should he 
«*r Um- A Icvd-liLihhle ulimihl mave tmifonidy ovier (he s - e. when 
the telescope to made to point on two objects alternately, differing slightly la aid- 
- ule, byllic leveling screws nh*no* lit change of temjiemtmv the lujhbio ahojj 
lengtlfecn symmetrically from the center; mid no matter what ft* length.lt show 
move quickly. w itluint tmy of the hitching, which U cuusc-d usually by a little d : rt 
introduced when it to Idled. 

Of the three level* Attached to the complete transit, the telescope level h thu 
most sensitive. It should be sensitive enough for ordinary leveling* such a* good 
railroad work. Tile level In fVanu or he right angles to tho standards* should be 
sensitive enough to make a Hue plumb by It to Any height; while the third lev* 1 
cm the standard I* used In leveling up the Inst miiieut, and to eriuldtoh the 
point for the vernier correctly w hen vortical mrkj must be measured. 

The te*l of the fitix <* of the various level* for tin* cajmcfiy of the Ihstfuiiu'itt 
should lie in fills: that nftrr enrvftdly bH^cting an object In the Held of view. lu 
mich a million of the Instrument that all the level* emi bo read , and then slightly 
deranging them all with the leveling screws, the bl-scction will he accurately nvidr 
alter restoring Urn levels to the exact jKJsicion they before occupied, by the levying 
acrew* aluiM*. ' 

Leveling Screws. 


Mtnar^ e. L. liergcr Jt Sons usually cut their leveling acn*wu with 3d threads tool 
Inch provide the usual four set wws hi opposing pairs. The platen once set firmly 
•pun by tighten log two of these screws nn ihe mme side, the leveling of the hiritntf 
ne'ul U fiinly accomplished by turning the two screw* of an off&Mtitf pair so It it 
btitli (liumbi shall move toward curb t>:h r (wli*n the buhtdi" will go toward tins 
right), or both thumbs away from each other, when ih* bubble will move tow sol 
the left. Imtrmivrnls hi tended for triangulation, (* reading to 10* or K m, should 
however ho supported on Uuv«% Instead «>f uinju four - rew?. In this case tie iiw 
Sfnimcltt to rapidly leveled by bringing one level parallel to two of the nerews. the 
other level will now beat right angle* toil, l^vcl hath levels at the same tltnO 
by turning one of the screw* to which the first level to parullid ami the screw 
which to at right angles to tlito lord, Of course the Instrument may now lie 
revetted to guard against uofHuQustxiieiit of the kwli* 


Three Leveling Screws versus Four. 

Tothpetnionc of tiin [irngri-f 5 in Engineers’ (IcIJ butnnncnu. the rjuo*tloci on^i 
prcdcnto itself an to the compEtnttlve nicnts of an iiistrummit provided with throe, 
over om having four leveling screw* , It should be hero r»-inafked that the gn at cf 
portability cxtotlng In iuMmiaents provided with four leveling screw* *UIJ o<n«* 
rneiiito Itself to all using the mure customary clafi* of Inatniinent*, However* the 
finest class of field instrument, rcr|uiriug ^piriulevels eorrc*tn>udliig to the line- 
uces of graduation, cannot be advantageously msnlpuhited with lour leveling 

screws. The result* thus ebtihinl would lx* liith* letter than those obtained vrltfl 
a more ordinary fititnimeiit. To Itnura tlic full benefit of a finer instrument* 
s* uwd In ErlangutaUon, the maker wdl! prudetiLly apply three leveling *crewfi 
motitiicd on a h*t&i* totger thru to u**ml in iintruim iin with four errcw>. 5o, while 
four leveling itcrcw* Iiavc the advantage of greater compactness ami less iveIgWj 
tlaw screws have the advantage for closer ~-ttlng. giving belter results* Ibt 
malcer will therefore adapt either the one or the other kind to hi* iur-truments a* 

I he case may require. 
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Quick leveling Attachment. 

[Ffr ifxmtraS.w ■ ?// i'/j/ravi#rr.J 

4i ail device* of thi* kind detract more or le** from the stability of an inrtro- 
| t . tnH they nevof bivc been rc£arik<t with much favor by the engineering 
at Hrgr. There are cu*o*. however. where the use of such a device. In 
1 . " uiialuou* country, or in underground work of a ctofie character* becomes very 
V'-imble M ee*f»- C, L. Bargef A Sons' device, unlike device* of n similar kf ml form- 
In ^ part of the instrument proper, con&lsl* of a 1*011 pi lug with a hall and ticket joint 
iijkh can be screwed between the Instrument and tripod. An th U lster m tdlate 
# form i no part of the Soil rumen I Itself it can bo readily attached or detached 
tfau* adapting the instrument to the cireumstnucc* and to the chit* of work 
in hum I- Tor liib utifpOW the threads of thl* coupling or qulckdevelErtg attach* 
inent^end those of the iiHtruumit ami irijnid arc identical ; and as nil their transit* 
aial levels with four leveling screw* are jntcreliangcnbje 00 any of their tripod*. 
one fuch coupling Is lufflehrt: for an engineer^ outfit- in fact one extra I ripod 
iHjnuimnUly provided with ihH uukk-levelhig attachment may lie kept ready for 
ioeasioitai use lit an office where there are a number of their Instrument*. 

To use this rj it I ok- leveling attachment proceed as follow* Screw* It to iho 
instill m ent* and then serew 1 >oi l» to the tripod in the usual manner, inking care 
Hint tlw coapllng l^Omc i firmly fastened thereto, Xow to operate St, slightly 
unscrew the Instrument from i's freilil upon the flange of the coupling by means of 
the milled edges provided for ihU purpuM-, and move It approximately Into a level 
plane, then again screw the Instrument firmly to the coupling same a# before. 
This being accomplished, move the Inurnment over the given point on the ground 
by means of the centering arrangement described later on, and level up carefully 
by the leveling eerew* atone. It will he seen that this quick-leveling attachment 
U operated entirely independent of the leveling screws or centering arrangement. 
Of course, when this device Is to be ik&od for several day* in succession, It ii not 
wertsuy to detach it from the tripod everv time the instrument Is to he ra moved. 
In such cases the Instrument only should be detached from the coupling. When- 
ever It become* desirable to detach the coupling from the tripod, it can best be 
performed by allowing Hh? Immimeut to remain fastemd in the coupling* then by 
taking ho hi of the milled edge of the coupling unscrew In the u*ual milliner. In 
p*-r« where the coupling ha* been perailtieatly attached to n tripod, the small 
•crew* connecting It to the trlpd head mim first be removed. 

To secure the greatest possible stability to the Instrument, the Outside diameter 
of the hollow hemisphere!* equal to the distance between the leveling screw* of 
the Instrument; amt to secure a smooth and ready action, leather washers arc 
jwoviil- l in the socket Which act against the hfmfcphefv. However, when the 
instrument U clsinijtcd to the flange of the coupling theae washers recede, am! the 
metal * trfacev arc brought Into direct contact with each other. 


The Gradienter Screw. 

* very convenient Hitachi petit consist* simply In a screw working against 
Jr 1 * Clamping a pm gu7}**mh"d from the hori*outal uxU, and cm the opposite skfc* 
frnin t l»e vertical ana, A strong spirit! spring I* set (UrncUy opposite the screw, 
fn {/ y *' * ibe damp ann against the cud Of ft* This screw Is cut with great care 
uJt * , !fr' 11 f la§ a «*rge silvered head graduated Into fifty equal parti. As the 
lev ' k i turfi< ™* th® bead pommfl over a small silvered scale. &> graduated that one 
“OJutlon of I ho f^rew eonvspands to one space of the waif. 

. ^' r *»usly then, the number of whole revolutions made by the screw. In turning 
“*• ^deacope through a vertical arc, can be ascertained from this futile. Tlie clamp 
s * rT i | Jd tlm tvleicope ha* It* clamping screw Jlist above the horizontal axM* in tlie 
maimer. When this acrew is free* the rei^*coi>« may bo revolved ; but when 
ui* clamiKd, the telescope can only be moved hy tlio gradleutcr screw, whi.-h thus 
***** the pUi;e of the ordinary vertical tangent screw- 'Hie screw l® cut with such 
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a value of* sirj^lu revolution. as to cjhhc the horizon til crop Mine of the trich'opj 
to move over * spaoe of ^ of a foot, placed nt a dkLum'o of 100 fret, wheel ih e 
■crew is turned through ent of the smallest spaces oh iu graduated head; * t ni 
nUwQ there are fifty such spaces on the bead* it follows tluU on* revolution of tU* 
screw U equivalent to * 4 of a foot, at a diatyjico of 1 Ml) feet* The tmmbeml grnilyi, 
clous on the screw head arc then each equivalent to ^ of u foot in 100 feet ; and two 
entire revolutions of the screw would lie twice g, or 1 foot to the lAX ft Is re*<K]y 
peea that grades can bo established with grad rapidity with ltd* screw. It is ocHr 
ueoetoary after setting the gnidusuter screw to accro* and leveling and damping the 
to move it up or down *p many spaces of tin head of the g radio tier *ettw 
a* there arc Hundredths of feet to the hundred, in Um* grade to in! establldi -,l 
T hus, to c*tublUh a rnulc of 1 R 85* the ser*w head is turned through three who}* I 
spare* of the scale, wtikrh corresponds to L" 50 and through three of the nuiiihf>recj 
divisions* and rl v© of the shortest ones to make up the ©mlro reading of 1 .* 85. 

For zjieiijfiirittg distance* till* screw takes the place of rfadla lines* and Is mot* 
convenient; since for any iooroahntdr horizontal distance, the space on an i >rdi- I 
nary leveling rod expressed In hundredths of fc^ t* included in two revolt* ion* nt 
the screw, will k the number of feet the level re*d Is distent from the center of the I 
Instrument* Tims the dUTercroco between two readings of tin? level rod was 2” .imi 
when the telescope wo* moved m altitude through two revolution* of the scam. 
The rod tticrcfbro was distant 23*b5 feet* 

It Is tUtlLeoeisary overt that a leveling ml be used. A ranging pole or walking ! 
stick, or any arbitrary length whHi can afterwards be mm«iirvd* will sudlee. ‘Him j 
it stick, which wu* after ward* injured and found to ho . 38 long* was found to 
be subtended by 3i revolution* of the Screw nt an unknown distance* 

Iji this case the distance was— 


i_ 1 »» 10Q _ 2L3 . 0 r,^, 

l . M 

In COSO, however* tho distance to be measured bn not approximately In the i inw 
level plain; with the tnimdt telescope, it Is uewsary to mnpute the distance* irom 
the readings of tiro fixL In taking such rendJlfcgd ut an altitude. It H Ctibtuwnry to 
Incline th© ml towards the telescope* ami by liial lind the leant apace subtend in 5 by 
two Madia Hues. A *kdftd mbuiau will pln^tb a rod more rein lily than he gbit 
hteftit# tt at the proper angle, and a rending of the plumb rod eun Iw token with 
greater accuracy, and in Icm time than with the mcllned md| hut It urdiiuirihr 
Involve* some additional computing In reduce such verti. .«L readings to hnrtzonlal 
distances* With the view of reducing the computation to a rtmpto multfpllcat ion. 
the following table U appended with the trlgnometrical argument on which k 
ileiHMidp. Tin; eugiucer will rmth'e tho iHiiutlon is not rigotvuiply exm4 t but is snF 
dclently so for all hi pnictloe. 
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in th# ft!*™ 

TH — the trwult horizontal eight Hne. 

11k angh' in*B * the Mule of elevation of the telescope to ttie foot of the rod 

^ E- 

*. *■ TlTA-=tlw angle subtended by ai tj number of revolutions of the 

fiiiltntfT screw a G* 

A ft = the length of the rod Included hv the angle G, when the rod 
is vertical -II, 

Cli I* drawn perpendicular to Tit* 

n tm* CBA— imi=E TAlI_gO»— <E+G) 

BC . («°- (E+G)) 

BCsH (00# B— t m G sin E.) 

tan G - — whore At U the height above a Horizontal line, subtended by 
eve revolution of the gradienfer screw at u (Jlguin^ o, 
n U the i Ml in Hot of revolutions made hi any given ease* 

irr - ”- h bc - R ( W j t . — ^ *(» f.) 


cos E QOS G — s ill K Mil G. 

cos <5/ 


and 


' . BT — R c*m K - slu e] 


U 


HT-ftTeonE 


\HT* 


= R (~co.*E-J4ldn2E) II. 


FormuUii ] him] 11 npe general furmutan for«*y gradlenter screw. In C 1 *. 
Berber a Son*‘ tnuisk* the ncrew !* cut and placed so that when it — 100 , for 
a - -2 iitnl k 1 , by aulwtftutlon these formulas become, 

BT R {IflOcoaK— eln K.) 

Il f — R {\rn cos *K— }4 aln 2 K*) 

H1u?n' &V~ the direct distal tec frvun the center of thu horizontal axis of the 
transit to the foot of tin; vertical rod, 

I IT — the hortaHital distance from the venter of the horizontal nxl* of the 
transit to tliepluutb line dropped from thv foot of the vertical tod, 
11 tlic space included cm the vertical rod by two revolutions of the 
gmdioittcr ftcrow. 

E — tin 1 elevation of the foot of the tod above the horizontal sight line 
of the telescope- 

^ hri; tluT angle £ become* an angle of dfprvj*n>a instead of elevation, then the 
J™ 1 * £ *** l he trfptr end of the part of the rod used, A II, The dBtance BT hi 
tins cjim) is the direct distance between the center ofthu horizontal axis of the tclo 
w -°lw *did the upper trading of die vertical rtxl in the valley, 

ihe dlftanco lITSsi, a* bdbtt, the horizontal distance between the center of 
Jie lioriwmtal axis of Hie telescope, and the plumb line prolonged hi this ruse 
“liwantU froiu the upper end oft lie vertical rod. The plumb line in all case# coin* 
enfc* with the direction of the rod, 

«y means of the following table. It Is only necessary to multiply the factor 
9Wj*w the angle of cli^itlioiuby the rpnee included upon a vertical rod by two 
pjdiiruter ien*w revolutions, to obtain either the direct or horizontal distance of 
Oriiter of tiles horizontal axis of the telescope from tile fbofc of tliv roil ; or llie 
•J^MJhuance frxim the upper trading of the vertical rod In the case of an angle of 
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Gradient or Screw Table I, 


factors to be multiplied by the space on the vertical rod e»pre«ed in feet and dednu 
included In two revolution* of the gradienter sere*, to find the distance of foot 
of the rod from the Center of the horizontal axil of the transit teleicopc. 


AtqU ti 
EJrralim 

K 

Factor far tk 
Hired HUtai** 
(iwoxK- dnC) 

Fartvr f " r the 
IlftfUmrtjt 
(H»«4 »j 

1.7*3 E) 

J-mliofl 

J,. 

Vw'« far ihc 
tXftct I>uuui(. 
(*»&»« E-un K 1 

t for 11 

H-HnontjJ Di^l 
* ICO C.i4 1 F — 1*1 

*Jt s > ) 1 

« * 



9 * 



o 

100-00 

100.00 

'5 

9^-33 

93-05 

l 

99.96 

99-94 

>5 3 ° 

96.09 

93.59 


99.90 

99.S4 

16 

95- s 5 

93.14 

3 

^8/ 

99.67 

16 30 . 

95.60 

91.66 

4 

99.69 

99-45 

'7 

95-34 

9*-'7 

S 

99-53 

99-*5 

■7 3 ° 

95 -o 7 

90.66 

6 

99-34 

rj8,8o 

tS 

94-So 

90.17 

7 

99* '3 

9^-39 

iS 30 

94 - 5 ' 

S9.63 

S 

9S-S9 

97-93 

'9 

94.3a 

S9.09 

9 

9S.61 

97 - 4 ' 

19 30 

93-93 

8S.54 

10 

9S.31 

96.Si 

SO 

93-63 

S7.9S 

to 30 

9S.15 

96.51 

20 JO 

93 - 3 3 

S7.41 

ti 

97-97 

96.(7 

If 

93.00 

86.S3 

11 30 

97-79 

95.S3 

a i 30 

93.67 

86.23 

13 

97.60 

95-47 

33 

9 3 -34 

85.6a 

12 30 

97.41 

95” 

32 30 

93.01 

S5.QI 

•3 

97 -ai 

94-73 

n 

91.66 

84-37 

13 3° 

97.01 

94-33 

n s° 

9»-3' 

83-75 

•4 

96.79 

93-9 3 

*4 

90.9+ 

S3.0S 

14 30 

96.56 

93-4S 

24 30 

SK>-5? 

S2-43 

15 

9 6 -33 

93-«5 

3 5 00 

90.33 

Si. 76 


I , — applying ihU table. St i* preferable to take the 

Jn V* X { t j ir nnl in cadi position of the gradient*? screw.* 
ivsdh'B? w j 8 | t |jj^ iiit^i war the Um* of (lie txkL nml then moved 
^rotation* of the gradient*? kt^-, thru; rad Jug* in each 


i* 
ftjjow? 


II- 


meuu of several 

to correspond to 
position Were as 


Altitude IS" &T 


8J80 

€.627 3.376 

0.625 3.372 


. » • €.626 3,37$ 

€.626 


Piffcrfiiw, i * i . . » 2.752 


Factor for direct distance for 1> =* 44. W) Kor Horizontal Dbiaiuw *-t £0*17 

- l6Vb«A ■ —$o.G3 


Idttcmicc*, . * , c^0/J€ 0.54 

Tlwiefoie, the factor for Is' 20' will he for Elio dfatr l distance tU*S0.- J j of 0 29 
^ 14-61 . and for the horizontal distance, WU7 — fa of 0 J4 ^ S0JS1, 

Then we have* 3-752 X 14.61 =* 300-37 s- the rffiwt distance. 

2*753 X $£U>! — 217.13 the kowfiomtal distance. 


Thl» direct iliM.inee being the dbOiiee frotn the fi^ltitm of the foot of die rod 
or the lower target lo like center of the iMntwmt.il axt* of the telescoped and Uh* 
horizontal distance. the one usually dc4ivd. tlmt distance Ktlacetl to » level line* 
Hie menu value of two revolution- of the ti rad tenter Screw in arc. I* 3V23*. 
Hence the value In are of one of Its •malic**, tfttfdons on the Imad 1* 20* nearly. 
Vertical angles therefore muv be laid off with facility when they are eon it nod to 
the range. of the screw. 


*Ta impure jug all cine* ucunit rttui*, tht ulacepi uk thmld muhe rn<v hit witVittg anj kOKticw in 
the b*iMi £ fc Tbs cn tin err iW^d etudue tkcvj ^ i Iran d tm W tiiiw, jitf, If *«c*Mty» ItoJi mad jpejc 

■*Hl tel n u st b« 

To *i>l c * nr»uTv?n<iit wtk a iniej*i*««*r*trew t Its arsluJXCil bead bbtHul b* tri t «db tLn tdne 

1 sp fc» the in iht urn* .Hraium in whkfc tbf nrJ^jr^Tirnt min* N 


* ih« ngiimr -l**ir* ih* direct linear** Wn«w* ile hoi el iKe r d, /.U /^V *+*r *4£sl M/ 

ri it tmj be ImoA by gf* klkmitc fomtila. 

X Sf /V trn E. 

or putting .1 in 4 tJupt judi^Wlorli^tiiSmieojupiriiiUit. 




«- ~7^ ww.» n . V77. 


^ lie dHcjnc* trcwi ib* p<K« wirf the W llw !«>« *1 lbs %e*iiul red. 

if — ibc liirrct dnUTc/ cbtiincd u kbme. 

/ n th« djHiMf ircen tie ceMet tJ the lKeS»titsl sik w ** (he psJnt liodef iN 'boctu 
^ -Ik 11^'r u| eirrju^oti c( ght (o<t of ibc rt*J, m ibcnt. 


14 


The subjoin? 1 1 ifthb- affords s rradf meson of expressing at nr number of r^tftwl 

' ruirtut^H 


tknis, and parts of ft revolution* In arc; and thv fioorene* of 
second*, in revolutions of the screw : 



Gniilienter Screw Table II* 





rp*'* oi 


i tic telescope being leveled, the gradientcr screw wan turned through 
'jP %$•* required the Are: 

II revntmloni, = 3 s £K JO' 

30 division*, MiO 6 £H» 

a — o i a 


& 


The whole arc, , * , ^iP IT' IMK' 

Goavcnely* 11 to turn i> 1F a vertical angle of 4* 8$ 4fr*. 

Then we hare— 

(T (>* = 13" 48*\0 
:w D - 1 37 -0 

^ 0 ^ J3 .0 

40 ^ 3 ,0 

Thn space on the head of the screw -* iff"- T* .0 

J Fhe engineer will hear in mind tfua the example* given arc purposely riven lit 
(jifuil ; that in piucttaa the ojtenulou* majr bo menial one** 

I twill be Men that the vertical gnuMemer can he used for a variety of purpose*: 
measuring distances, grides, difference* of levels, vertical angle*, and to a metal 
check against error# i >1 nxl or chain measurement. 

M» ^r*, C 1a Berger A have bUo applied the name principle io their hurt* 
rental tangent screw*. By graduating a Oliver head attached to those eertwsaub. 
4 1 Unto: -- of one minute of jure are readily made. 

For constant um* with these screw* it to better to have a rod with two movable 
target*, or a red pointed with white and black squares it* Uoed lit the coast survey* 


Stadia Line*. 


i be gr: Kttomcr -crew i* *o universal In It# application and can l* so mull I v w*d 
" r angular, distant or grade measure*. that It will genera]]? to found best ti have 
t uiioii tiwnaiu deigned for current work, Ti«?re arc some cases however where 
ituiia line* are roonj expeditious In uao than the gradient er screw, and rive unite 
u exact results. V * H 

, suai:i Hl *• ftsr instance, where an Inurnment ii to he used for distance measure 
^ms.wnim.oiljhcm^U'eg fortiirirgmitur .ImpUotty, For ouch win*, iioiMdl'Mb 
in' *’ i 2°Tir? ,0, i «yc-pleee. giro the best nsaalu. 1 r the 

t .n* . li .1 1,1 t ln '*J W ,wa 8* ,>f 11,1 theynuy *lt»r thvir distant* 

^rtj^Kl tlM-ne in aniphllty of work with fixed liner, and anal graduated for 
-iMUt triad work, which in not rochcd in unv other w:ty. 

eriro -I, "" 7' aj U ‘ webl *t <>r i Jntln,,rn ' or they may fee ruled cm r!*« 8. The lat- 
‘ UX,,rnU ‘- *!“* tl "' «* th«® l» «««*arily limited in the teW 
inrtnimenu lor tlio follow inn rcaanng : thin al the ^ln— way |„> or. 
< ,me * f erul ed, and intercepting only a small amount of light, yet tho film 

ffK ! l ' ,(1 ,,rt «*» collecting on it will Intercept a great n mount rflES 
SSwnSSSJ y . b ®S? ,5 ? < ’* VM;), ,“ 0, ? 0U t m the use of Um tcleeomk 

fmVohi.v-lV' to tht-lr Jtenerai adoption oorudsta In the fact that as tho ImuRo 
u„..j J ; m", fw-unt-od Jo the plane of (Item* alawuhnc*, a portion of the light of ih« 
iiiio*. a ,n , from th<» polUhetl aurfacce of ttiiu kIowi, caueinn ut 

epTiu“o.? 0*15 1,1 tho cleameed of vision. Be* Ides, thU glows-- mleromi ter." 

t**M»POO, 1* very dlfn<.|ilt of acoew and mud wed 8 U> n-mmod 
i»nmSnih5c hwta ' iu<:rcMU ' lf ^ Ujllmt - V °f becoming broken, or detached from 
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Plumbing and Centering Arrangements. 

It now remains to &|K-ak of several exmveuiein eca of Uio inilrunwnt tinder 1 
ftidentlloii* B y a simple mechanical contrivance t he plumb-bob when 
from the Iratnnraiit can be mi immediately itt any dewed bright* 11 itt 
directly frvm the ctwtr of tfoe Instrument, and not ironi the trijuxl IicacL Tffffl 
precaution *hou , ' i be taken *ri ill mry htttnntieiit, ititoe otherwise* when Oi«v 2 
tlidkuUf In setting up an litatnimcnu and the ore Uiiaym metrically |iluoed T th* 
plumb-line will not pa** through i lie w>nt*T of the instrument. 

The Instrument Is pmkfteil with the shifting tripod, better fcnnwri a* 
center* by means of wmch, when the plumb* bob of UlO Inurnment li within a fhn b UJ5 I 
of bh loch over a point on the ground. It may I** brought Immediately over fc, fo. I 
moving the body of the Instrument on Its lower level plate* Thk U probably i^ajl 
greatest timc-suviug arrangement which modern makers luve introdncml In ettgi* I 
eeiV trantiN. 



Shining Center for n Transit with Three leveling: Screw** 

ii nifl* fcy VI. »Wnf*r A Ml* 

In this device, u shown In the out* the leveling screw* re*t in receptacle* ontfctJ 
nlm mule to idldo on Un* tripod bead, A dump-nut, provided with a large 1 

him! handler seme to tn*ure this sliding pl«w to the tripod !n soy poHiiton to I 

nmge of It* lateral motion. The cantor-ptoeo, Uwring the hixilt for the pluini**k«w 
is like that »diuwn In Hm |> 17$ cut; the milled head at ft* lower owl, serving to I 

It to the Instrument; while Its uilltoMitudod nut, acting agalnfil the *plral h|wrB^ 
fasten# the inrtntmeal to the trijvxL In the preeauio of thk *j>ring needs to /* I 
ftuaieicot to take up the Intel* lash orrniy loosen*** that may exist In the tovdffH 
screws* but te secure the iwwwary stability of the Jfudnmient to the tripod, thecUifljf H 
mjt should lie well fastened to the sliding ploco. To operate the shifting orcitor, | 
the oplrtbeprtng end the clamp-nut muse be nJoa**it slightly fi«m their hold up<*| 
ihniriiKid and the sliding |*teee. when the Instrument con he moved over theft* 1 ** I 
point on the ground* This device adds about '1 Ik. to the weight of the trijnwL 

c* h< »- 1 
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jlxrangemcnt for Offsetting at Right Angles* 

mi , moat common nflT-*ct with tlwa transit U One at 90® lo the Hue of sight. 
3*2 have been proposed for doing this whlnna OUttirhfng the telescope. 

**■ L Berger ^°n» hnv^ a fwy ueot on*'; it i'onsi*t*ln simply iw- 
iiiiiK th* l ,ori * lWt * 1 ,ub - (»> i hut by drawing the bead tiadt flftecti or twenty 
■*3?^ fri^in one end of the tula* the eye may he place*! *o that the eye* the hori- 
!t xU of the leloscopo, «Bd a rod s*et beyond, may bo readily placed in the 
‘ * t tiiiKlrt line, at right anghw to the line of «fght of the tetacopo. no matter 
*T wJmt jiiUtu.Le the triwcopo may be pointing. 

& in uit ojttlug by the arrangement proposed above, the rod is made plumb by 
hnhu? it with the puimMioa or the in*tnunimt itself. The advantage of this mettuxl 
!_ that H bolds equally well for any inclination of the telescope. The disadvantage 
u* (but tiro engineer is obliged to leave the eye-cud of the telescope at each oif-act 
^ 3 nle. Whore the engineer is willing lo bring his telescope nearly level before 
fcv h offset Ik mode, 5!ce*r». C. L Berger £ Son* will adapt a Simple combination 
•if wyrbm*’ U* the telmwope*, by which (he rod may be made plumb, and *et 
4 1 aii iwgM «* 9*& s to the line Of Sight. 


Betting Up. 

in setting up a transit, push tlie Iron shoe of one kg firmly into the ground, by 
■f, vn.ii if on tin* other two legs near the tripod head. If using secured a flrtu found* 
ilon for this kg. senarute the Other two legs, at the same time drawing the tripod 
/»aii toward you* Then set the two remaining legs fit the some manner a* the first 
m, If the ground is pretty level , merely noticing that the tripod feet are eqtU-* 
burnt, « 111 insure that no unsightly appearance wlu be given tothc leveling screws* 
i the ground h uneven, however, nothing but practice own produce a graceful 
iOnlikm of the instrument* The phunb-hnb attached to the mstrumeni should 
wing within any half an Inch of the point on tlie ground* and tlie plate on which the 
evding screws rest. If possible, should be approximately horigoutuh when this 
rage Lt completed* 

WOW with the level reTvw* not tightened up, after leveling approximately, 
-ring the plumb-bob exactly over thepoliit on the ground* bv moving the body of 
be Instruitkcut on lu shifting head* Then complete the leveling of t lie LusttuiiieiU, 
nd It la ready for work* 


Tlie Atljiist inputs of tlie Transit. 


l n a theoretically perfect transit tnasraineivt, the following points are established : 
l, Tim object mid cyi^g lasses arc perpendicular to the optical axis of the 
-clewMpc at all distances apart. 

2* The Hue of col 11 matloo coincides w ith ilio optical axis. 

H. Tim Hue of collimatiou Is parallel to the telescope level* 

4. The Hue of colHnmtlon pa&M-x through* and Is perpendicular to the Imrizontal 
ed* of revolution. 

dp The vertical circle U perpendicular to tlie horizontal axis* 

J|- The center of its graduated are Iks lu the horizontal nxU. 

'Hie arc reads aero w hen the line of coll I mat loti Is petpendlcular to tin* ver- 
^kal ax U of the upper plate* 

y» The pivots of thr horiximtal axis of the telescope are circles, 

9* The beaiiitgt for those pivots arc of the same diameter or otherwise exactly 

Mir, 


III, Tile Hue of eoUliuution moves hi a plane j^qieiuUciilarly above tlw? center of 
Efi e horizon ml graduated circle, 

U* T he liorkontul axis Is peffpendknbir to the axb of the tipper phite. 

*2. The upper plate U pcrpcnakular to \tz axis. 

IS. 'Hie radial llnrs which fonu tlie graduations of the drek and venders arc 
"di -( aut it the same distance fn*m the axis of the upjK-r plate* and pass through 


14, 'ITi* level# of the upper plate are perpendicular to its axis, 

13. The vertkal axiMif the ii)ijiertilutee<t[ud(]ef wltluiieiiihofthc lowert-kt 4 

15, The lower plate 1 b perpendicular to It# axis. 

17. The center of the vender plum Ilea in the axl* of the lower plate. 

Is. The axl» of the pluiab-hoh coincide# with the vertical axis of thr in Firm, 
Ufllie above point* the maker attend* u> numbers 1. 2* 4*5* 6, 8, & t u §* , 

J®t ^ a * !1 l Kir * of the fJdlUUl tiumufucture of the instrument: and the ciifrin# 
ha^ no tadlltfe# for adjusting them, away from the shop. point# numbered 3* 7 ]k 
mul 14 are attended toby tin* maker w lien the instrument leaven Hie shop: but owhZ 
to their liability to derangement* from aeridrntal rough usage* thr mnker Ittvetl 
in thr hand* of the engineer to restore them at any time, It Is to these mliusi m—ir 
only tint Hie following remark# are confined, ' ^ 


Adjusting 


If the Instrument I* out of adjustment generally, the engineer will dud it proflu 
able to follow tlm innkt ra In not eompltalng each single adjustment at «ikx\ but 
rather bring the whole instrument to a nice adjustment by repeatitur the whole 
series. o 

After setting up, bring the two small levels each parallel to a Hue joining two 
of the opposite; leveling smew*. Bring both bubbles to Uieeentcr of titclevel SiIhw, 
by means of the leveling screw s. In doing this* place the two thumbs on the imjr 
edges of the two k voting screws, parallel to thr bubble#, and the fore Huger# of 
eaeh hand on the outer odgo. Turn the leveling screws so tliat both thumb* mote 
inward a or both out wank. In the former case the bubble will move toward Lb* 
right* in the latter case toward the left. 

Now turn the instrument 18 CP In azimuth. If the small levels still have tbrir 
bubble* Ju the c enter of their tube#* these levels itre adjust**!, and the drdc-' are 
respectively a* nearly horizontal and vertical a* tlic maker Intended U»em to be. 

If tho bubbles, however, are not in the center of tiielr tubes. then bring item 
Half w ay back by mean* of the leveling screws, and the remaining Imlf by wear* 
of the adjusting screw at the end of each of the level tubes. 

It may be necessary to repeat rid* adjust meut several times* but when made, Tbs 
Instrument once icvcb-d will have it* annul level# In the center of their tube# through 
au entire rotation of the circle, u 


There k one adjustment common to nil telescope# used in surveying li auemw m 
that of bringing the Cross hairs to a sharp focus, ut the same time with the object 
tinder examlimlion, tin? adJitSStaCtit/or IWulUtz. 

Point the relrecopo to the sky* and turn the oye-plece until the cm* hairs are 
sharp and distinct. Since tlie eye itself may liave s lightly H^ L i>minrHiatid Itself to 
*0 the eye-piece* loot the adjustment, by tooklng w ith tin? uiukM eye at some dis- 
tant point, and while still looking* bring the eyepiece of the telescope before tb« 
eye. Ifttia cross hairs are sharp at thejfrsf p/aare, the adjustment h* made* N«»w 
focus III Hie usual manner Upon any object, bringing the cress liairs and Linage fna 
sharp focus by the rack-wont a Soho* A point should rrtimin bi-seeied wheel tnc era I 
is moved from one ekk of the eye-pkee to the other. 

To make the vertical CttNodhio perpendicular to the plane of rise horizontal axis, 
simply bhseetjKime point In the center or tin* field or view of the telescope* and 
uote whether It coutuuiee bkoccted by this crossline throughout Its entire length I 
wlw>n the tetesoof* b moved la alt it tide. If Jt docs not* and Mu' pabii te to the rig bl 
of the line iu this upper part of the Held, the adjustment 1# matfe by loosening it w I 
four cupitait-lmsded screws, amt routing the mini J.* In the dhneotlouof a left-hSwM i 
screw* until the oro#g4lite U moved over lulf the distance bet ween rite point and ] 
the line. Again, bisfict the point by mean* of one of the tangent screws* It should I 
HOW remain bisected through out the length of the cross line. 

The following method ol adjusting the horizontal line In a (liimpv level bn* its ad* I 
Tsatages, amt it is given In :J*e word# of ita propounds*, Mr. Cravau. ' 

'‘On a tolerably level piece of ground, drive in thrw stakes at fatervak of about 
four or five ebuina, calling Hit dm Stake d, the second fc aixi die third c place die I 
hjatrumtnt bait way between the slakes it and ft sod read the staff (leveling rod) A, I 
placed on the stair ii,and al*o the *ta!I B, placed on tbs stake b\ call the two reading* I 
A # awl W : tlien* although the IttMtumenl be out oE adjiutrnent, yet Uie points reati od I 
will tie equidistant from the earth's center, and constqtmithf level, (wuprosiog (he I 
Irutrumcnt to have Iti tvtdcd szi» vertical.) Now remove the instrument to a point 1 
half way between b and r. Again reml off th^ staff B, awl rvmi al*-:i a staff placed on I 
Uic stake C* wJiich call staff C tho one before called A, being removed to tnat situs- 1 


: %T> diltowno* of the readings OH B (with its proper sign) to the 

■*' itoi; on V. get w^fl point* say A* H\ <?„ cnuidiMani from the mirth's center, or 
Jt 'jv trreh I*laee (ha Injtntnacni at any short distance, say half a chain beyond A, 
HSgstng M>* huibtm to merriy U>rce that you down disturb the instrument, get a 
’ , j-it- frtins«Mjh of lb* wink™ 6 t c, call these three readings A~ 1T\ C*. Sow, if 
the ttiS# 6 he half way between u am] c f then ought 

cr— e — IA"- A')»S (ir- It — (A' -A^j] 

mji If not, alter the f*CTVW‘& which adjust the diaphragm, and <^nsefjucntH“ the hodrcmml 
\\vj\ luiil *«ch be the CAM, then the instrument will be adjusted for MBiUfam. 1 * 

• 'y,i adjust the Hplrit-hubble, without removing the instrument, read the staff, A, mj 
| t pemi’i A . tbeD adding (A w — A") with its proper sign to W we get a value, say U 

h Adjust the instrument hy imaus of the pantile] plm*#CTOWa {in a imimii use the 
tws^abicitw), to read W# on the staff II. 

« Sow, by the screws attached to the bubble-tube. bring the bubble into tlie centre 
of ilk rnit 

* f fhe instrument will now tic In complete practical adjustment, lor level, curvature, 
and hor^niBl refraction. for any dibtanc* not exceeding ten chain*, the maximum 
iftcr being only 1v J oelh of m foot*' 

£e amM* — TV* waxuiwe* beiw placed trttt «iy l*n Kako « jn £ S (ji or# fru« t* ehk 

iW *'jrf «fl * «♦ A # read b.jj* Oitf wiff t«i I- UT H' reed j.j*. }hUnrc ihr in*triiff*M kill nij Wlvem li* 
i rxV r» + »id r, Libra th*at inwn ruhj tti alt on J hjiI 4,01, urith-e 0*JT on i ixid tji. 
flt«ue, Ukn»c *takt <i ji iht diun, w f hA>f 

Slut, Abfrvf IkiiuEi, Siikc- Abort iJmuir* Suit Abo** tXllu*-?. 

ir ot h* *" D 4 D 1 car U* m \ i>, <- of L v ** t *9 

tlih t tm ntmi m bslvg row phsfil « 4 (fjy dec feel fN<n «. b«i it* clrat the bill** j tk.* uoff or, „ « 

Pttd 4 I|,«dvl^,| Oij ar4 *m * o* C*\ SAT. Sim hill Ihr bit(nimn4 Wn it, cwnjiclt slJttUKNt iiiwi^r 
vlKb umiiunMture *o4 idrici n «( ^du£oi\ wl*« tb# M n tuff «• 4434 , the nadjnri ns. A arwT 

/ lai f beta rci^liTily a *j nui > ij. 

1 1'- kr -nisn-n tVi^lr.re [h^iIi n|i»)rAK tlK tmt ai f btinj mi, tmi ihr rrw *r . 1,^5 um wm ih* 
OiVli* mb irt cfiiif. ffc’i H iujf$4Hed in -ill otk**i nl Ik# rf mi *1 e tPRjhl tn tic fi«r 

Ittii *• JS bil 4 X " 1 II J O M «»lv* iKftr H in tmt tl»«cti« d .\ot ^ ji t*ti ai#> in tW bntblr 

V" r ibf ^irpocr U <«*rf*ciin£ (M« *tiu« <md Us ii rqmesxtKrtd ^.frtraiy in itemer ;+atl«, fi>r ihi* pvr* 
y**e#ohA«t innW sne the C4iw1*i^h«nlfil ecnvittat O* .4 lire U^Oifie. tnd i**Winp; iht uturl 

«mr t <J in m aijlr U) ndr th* <fTW at it i«H- «ntb iht <4 i , 

^ i - t " f tdlii, AbJlW me rt</tnx 4 t «t cuotimrd 4-ni, UviTidirii on &> 0<Jin<< &, j j p «■() ihUt otl i t lM- 
Sr m 4ti -* uxij, ani 1 11 — i.K# w o.)l, 

Aid ** 1 X o-«: scr^**, thr trltK 594 Unc* he £<ilinwiiuj. 

A! ihxc Ft irttlrit 14 U? iktie, b to miv; ihc c|p>i?<wnit e 4 tbf uktxtw bv tmuii il Ihr iur jIIcE pine 4 
:vt iht tekwwp*** Ung«Tit>tcrf wl, enlii ihr ti*U at / rt»l* #.ii, 4lrd ihen bj mein* of the nuu which 
*f> 4 « the bjJiUe-lube to Wit* tie fatAhte Uto the centre till* res. 

It U tin? T^TtJcml wire, however, which in the transit 1* the iitoat ItnpoitaM, 'Then 
Iha: i* to b? alone ml justed In the field, it U usually ikmo Acco^litig to the following 
Wtnpln directions : Select twvi distant i<iir*u in oppouti' iJimtlotb Iroui the inslna- 
riieut, Mgfh that the vertical anwUtt* will bltoct them both when the tdocoM 
U poiut- l upon one, and then the teji^iis' Ih mromd around its borixontal axis 
Af^r heeling the sMsind pii4iH tsHocicd, revolve the iiuumimrtit IKT in azimuth, 
and bUoct the first point again by Mtu of the tangent screw. He verse the tele- 
w^naa its hoitronul axU again, and if the beootid point is mm bisected the 
MjiisUmmi for coUtmaMon of the vertical wire h correct- If it is not bisected, 
™ , ' v t! 'C vertical wire on^fouith Of the distance l>etwi*cn its present position and 
the point prrrhmily biaectcdi Again bbect tlie first point selected, rover*^ the 
and find a new point precisely in the new line of sight of the telescope ; 
two points will now remain biaoc-iril when the instrument Is pointed ijjkhi 
tnein In the manner described above, if the adjustment is correctly ntaite. If the 
pOloUi are not now both bisected, the adjustment must ho repeated until this 
™ f ’-he case. 


j* , . 1 l *V* *hf mw «1r*4trt method of for ccUinuiln*, and «*# *hkh nCMiwadi 1i*dJ beesw 

iJ-.T?* bjr liinj- tide, l> the Mlimlne up Cm irsislt *»d Uvel «lih il*if daw* 

***** *wi thty b€# 4 ftot be b«A s («** Twtbcm ■ jore C<rar iW c>T-reee« cJ the Ict#! » p^ce 

ft ** f ^n4 llluu.r- *'t Lhl* piper irith s liop, fir 1 diffe! zcoiion c/ in* nr* at)4 **e of 

tn Ha"*? [JOiMim Kre*,t km w-m-Wi. I iU hiti »iB be k*h thu\df J©ih^ die while fe*d*- 

-/ HMiiiuKd popvt v#tf the efe^iret Hriftg ihe leftssil tnlhit their bstraeib* U 

fT~*5h f^r r ih* i maWHw *f lbs cntHunci Is the Icvrl, v tieh hoi bttur be enrt«4 In In am SO i 
h X ’RVth the UftiiiR I i AM fitter lnttr«nt«<A k »nt tottautoJ *Un ihf Um c4 il* lc*tl 

Ik*. ^ f? iu l r * uwlft r «rew, Kilt an lt>cb « more, 4od the irwlit i> »lun<y foeviiid 03 m crcw#» 
in# ’ if Une ini nil c rew * lint* nnJI s*j Uruer lucliv cur* r ihc LstperMcdro cf Uw>) emu, 

11 U been onefullr aji>iiir4 U’ tV* neeU^ fwiht* w.lhtfl the Cit^Isce-MMir h 

_ ' ' g tq eme U ciC^tniuot Or iht tr*M|l. TUs ttifil be ocnrevteil by the adi«tbis *cre*», Wl« d « 


r l 3 u *4 |pui tlin )||* (t etniWaliorL a ti 4 leietenfie lArtarrn^ g/ i fb mvt, Ihr dLiif&in^re bcarir* ihr warn 
H The dkntaM in nhkb the eitw ti cfMnrw*d 14 * if t* fiKtirs^e th# <fw|; In leb*<<oe* tMt 
fry i* i f , iht »ir** fi jit U (Tn/ra) u, The dinxt^ri k**«bU* the wree (^nerved. - To Hm 
W 1 iT* **ffX*h toMfn the rapKitve i^un^htiiied emn 4t U« tj4r of the taicscofit. dt*» to 4 
' ^ ilri f*e ike 00 * on the tpueeirc iidr. To menrt the horizemkt ware, mikr mr onlvol tbt muni 

mtm UB the Ukuope t* the uwr &ww*U — C L DL 



Horn - A colliimUrr * n (u«tk« iv id iur*i*h * F*«ii ol ***** of 

«[» rl .tit* i* rt 4 4i4* ditetW*. TIk ml^siiJtor k CMCMKflly *» <Ut ^ * P-^ 

» y tm^tLnc *™ ** <*f*i *1 i* it&ntH 4 w^*? «r U itu f b* m iJm ilw n» *>»•■' 

, •* « fftttMHin t™ At, Db^t *: * fiver, inlie dfaftUK' Thtx *• ^ 

4JI1W «£ ihc'oulliflWKC tn n«*iuwly ..Vtimjnrd pa*itkr**> ^ I*. iKU-ing: * tekaOCf* 

T* ,«.!! oi rtp ™«.liu* In- ^ r^.-J by ,h. K^<V' ■- *« •"**™-H* 

TiMdMly ii^Ul watted tr*-m * a»*i **u. ut lr«ii *» <*>*1 a-, * *htu ftmw rti*M*e, 
Uk^pr i»*t b. maflipdAted r#rcl«J>- « ir k «m pMnc ^ Urn r«<kf*th* ^ 

«*n* I i Ikf idcwctte, IT* ^ kivk *»■• «*? ■&***«• »W* th * &m4A,y U *' 1 *^3 

^Jcni .*t«l tV <».** U tht uu-^rr li ikutd a k in b* rtc<«ii«^^ ** 

^ ^ •hiq, 6 c« «,) »WI»<7^^ Ihe **(*« <W b# .«« » ^porte*^ 

wdiiaiy eb^cU, 


c. I« Ilrr^rr A Son* \n%iliiiry Appamtii*. 

t't^d tlnrlaf tW <*•*( rattan #f *brta IwtmarfrU ftf FrwUtaa 


* fp * n»rc &uikA ^wipikti. *« 4 rtkl* in ZtUmhtift /** 



I *«**' .htold (l.i^, c W ,ht »«j w l,.„, t - t - ,j lu .v 

J H ***** b* home m Bind* K>w tw,. thjt tUi mcthni l? r .+£ ™”l.T V ■ UMl * £«* 

"fSK^ ^ nrilrtd «€ couiruttka praftt»&a eht Un«f SJSf JjjSjj? iTE^IS!! liA * 

*m» ** ,D u ** ,cWv * ***• 

]I i|4c^i h PfimrlwsJ thjt wfctn*v<i Ok «r^inttt hi* h I*t* 1 im] Itvwk *i1h fain ai the vjitw i™ 

r*6**mln* wbotbor ttw standard nm of th* earn* height, suiptad * plumb^bob 
ty *** * ■?"» f°^ ™i (I height >*y Of from thirty to foiiv fait. fh* dumb* 

bo*- m»y rnriiiK tn a bucfcotof water to k^p it *t<idr. LaviH Hie ifatrumrot mMulf v 

tf»‘t I® 1111 116 ,{** ^ If Hi« pluinbdEiU’ roimln* b]-aLted 

tliMi^hnuf It* m (re liMigrth whett the telescope I* moved in aftitiidi, and then the 
Id ^r , r ,i “! ,d li xa*n niitde to W^vt tin- line throughout Suinurth Sm> he 

* *2™*- . Otherwise nuke the a<(Ju*tm*at by means 
oi liie c^ipvi -i i -headed screw directly under one of the trleioopc wye&» botediif or 
lightening the small senm* in the pivot-cap at the j^rra? time. 5 

To adjust the tdmntw level in the field, set up the tniuftiu the middle of a 
tofcribly level piece of ground, and camftrily level it. Ax i*qual diataiccs in 
opiH>«ite directions from the tmtt&lL drive two stakes, so thill the reading* of i level 
rod b* hi «k*h ftfmljroil each of them will In? the same when the tcWcoiie li’.vel 
biibhl*' U brought to the center of fu tul*: by the Vertical screw in each 

<&**'. and \ \w i_4Stnnm*ut is turned in azimuth, Take rip the instrument and ro*set 
X ov< f om, of tlie fiUikes; ittcu.-stirc tlkr vertical distance from the center Of Ur* 
^ri/wtaJaxaoftbe teesoope to the top of the stake over which the inqrummt 
h #<?t, : -t tiie Urgct of the rad to read thU distance, Hold ibn rod mi Ui« distant 
' : ‘ K '' n • Mu s target with the horizontal cfoeftdiue* With the target tlms 

^ crWmlrkul nuts at the object ^bt«* end of thelcrS«t t£! 
hiM or plays l;i the middle of its tube. Test the adjustment tv re-aettluir balf way 
4 1 V 4> ai, d luUnj that tfie bubble remains m (be seief lKisltloii 

suk^' if" “ K ’ 1, : Mr " u "' ut u 1,1 in arinmih Mo:i* 
X““, ,1, SoBUftimoa ItiJoooreiileiit la u K * Bhi'ct of vnrtor lor th<- 

^ TrI n\l\ Tmtii ‘tl! "i Inw the water bed ill dlffinraac <K-Uu.cc* fh>m 

uuUl *?P* •■*«■ even with tlut sMirf:t.-o of the water. The h-nnitl h 
i-i h > U y qn - ylJl3 ^Iclcjoopc altered in altitude until a riwl held on 

M V1, ^ ^ * UI1K! r-^din^. Tiien wdth the telescope clamped In this 

V‘f *T*yS£ nut% T ul1 ^ 1 m until the buftk K | n it 

agtf JJfe.1* ' P«e»i* tbib-toSi i-1 “A 

sstss, is r*** ± j,c »w™ sis 


: ::r ,v , kth mm mt n.^<u m 

, ■ - ■ -j™* “* ul«< w una Uw4 Alii Uyh ml v Itwe*. 

t-'iw^n"? i. r:r:* •*•* T °" i ^ r ^ "«■ w«t«] ,™ to w*i wro a»e 

in^L ndjuatmenw of tbf tnuwiu llrin K the telwcoue 

Wto of S.. “f* I 1 ” 1 wlUl ,ltt- <«it.t)Ur in iht. ]M«ltloo, Hot tL 

«t«l 3 a.i ( . , t ’,-r .il A‘i . c P innldo ^ itb die lem of the mtical *rv' ; Unxeninj; die 
j, n ' "' rtwi - *1*1*511 iwcttre Uie remier to the mnnihini, in eo ikilnir. 

*» hf< w U« r 5lt7iSi‘o/7 r 'i^'S'!£ 1 j" ij.aiwal*. im. 1* w md toih »j».U re»&i C i, F nc^l mitit 

The Wye Level. 

knrh^ SatoSSi*'*** IfSoMope of the riiyineer’s imtisU applies with the fol- 
* ?> aouilleiiticwis to the telescope nf this level* 

the of l *Khv* fxrtti, and Is 17 or 18 inches lon^ over all, 

l ii! ^ ■ 1 i ijV Uluu i^Vr- ^ ^ l0 ^*J*ca ar# about 10 hiches apart and 

w* , xtrYV1t V v len^lk of tba t#tcscoi>e tube, four cap8taiv»beadeU 
I'll , Kt r<>r the OTMlcee* 

. a '>|jji‘ct-ifJass fodlMbic scn*iv U in fh*4 mMiiio t. 


Tli i m * T,usu *aro , nisnq| the cTo-fHocOe 
huHsnf? irS5l5!f** foci \*« u \Z f rrt ‘ w ^ f*t tlic mtddlc of the tube. The eyepiece h 
scoi-ir ic «r * 'idlled Huy at the eye-ciid. T he level attached to tbc tele* 

4oim*i »> wk *‘ ixhoul 5 ^ iiwheaeaweed, over which U planed 

fcato »r rending the position of U* bubbly 'rite k> eUtubc U suspended 


frpin ihr» *ni»Aw^NtohfllnBiKih a manner that at the object-gins* end tt can be movt^ 
In azimuth, with rclcmiitt lotbo teleooop© axis, and at the eye-pk*cc end It can b* 
moml Ui altitude with reference to the same axis* 

lia graduatod scale liaa ks graduation* cureftilly opposite each other on It* 
two sides, and they are mimbeml from 6 to 0 to a at each end of tin* bubble* 

gnteo St fa not" accessary to court ruct a level which shall have absolutely the 
tame value In are for the same mutton of it* bubble throughout it* length fof 
engineering purposes., tb^ graduated seal© fa him tint the wight deviation* front 
the are of ji circle may bo equally dbtribitted on each iklc of the zero of the ocale. 
The bubble tube fa ground cylindrical. , 

'Hie level-bar fa about IS Inches long Over »U. and at Its two extremities - ip- 
ports the two wvc* which rto© about ,m inclK* from its upper surface* One ef 
these wye* fa adjustable in altitude* The leveUxir to uttnclmd to n long coni d 
center of thelmfttat bell-owiaL which may bo clumped to ilia upper level p Into, junl 
then a slow motion in azimuth may bo given to the tebMwo|ke, by n »k>w nuptltm 
terctv which presses the clumping bar against a Mill spiral spring* \\ it U urn w 
shad© on the telescope* the weight fa equaly distributed front the ©enter, each wny. 
Thin fa necessary, Since ft sensitive level, lit the nicest work, I* affected by uny 
unequal strain* though it may seem to be, practically, Imperceptible. 

The buse, on which the leveling screws n*t,liaan« great a dbnirtrr a* porta- 
bility will penult ; mid the leveling screw * nro cut with ft line thread* Kmo two 
iMdnta add io the case with widt h the hisimiuent may bo accurately leveled, 

A atop U so arranged that tho telesoopa may ho readily sot with Its horizontal 

cross-lino level, when tile Ins* niment U In mU^^mcrrU 

Ttie Instrument eompleio fa not separable when put into lift box, Jicssrs. U 
Horner i Soot), believe tiifa condition to be qo<r*^ry to protect ©ft© of the f**t»atUl 
adjustment* >4 the level —the adjustment of the wyns— from nee dices clfttnugeiuraL 
This luwtrnment fa sometime* miule by Men-m*. t\ L* Berger A Sous la a differ- 
t*nl form. One of the wyes fa movable In a vertical line by a miHcd-bead yaov. 
This enable* pointing to be made with greater accuracy nnd facility. 


Th<' A4|iiitixient». 

In a theoroikiUiy perfect krcl ths lollowlnt p<ilute nr.' <*t>bti*licds 
1 . The object iuul r yc-y UeH’S arr- perpendicular to the “pttcal axi* iu all dlmi.eej 

* 1 ' 2. 1 Tiio optical axil oolnddr* with the axis of routlm, In the wyes. 

;i The axis of cu Him at Ion ©oJnciKtas with the optical axis- 
4* The axis of ©uUiftiuiton Is pantllcl to Elm lei eaeope few * t 

5* Tlw collar* noting in the w yea are circle* of the same diameter ami ©once®' 
eric with the lima of coil hunt inn of I tie telescope- , . . . _ v IU(1 

fi* The are exact ly similar, and similarly placed with reference to tl>-‘ -i*> 

of colli mat loti of tiio telescope* tha 

7* The h vd bubble moves over equal space- f«w equal displace hr nt* or ik 

^ eT^lwi 1 Level^bubblo expand* or contract- equally from ibc center 1st lw>th 

dtavtlon** during ©kattgra or tcinpernt in t% ^ 

p, The vertical uxb of rcvoluthm fa perpotnlleubtr to the line of eidlhnaliotJ of 

l,M, i l )f l thlTbovc, Uts- m»k.'r establishes points nnmbeml 1. 2. *■- 7 »"« S ™ 
reumlnlnir i«iims, :i, 4 uitd t). aw ertabllalw.1 when the tiwtmnwtit kates th* »*"']•• 
bitt U-bg iLt'k'lo ilc«M.g«^nt. fro, a rough utage, they aw mack ml,,u 4 ablc l« the 

flcW- 


AtUu&ting. 

After tbc caatikaer lias set un tlw, instrument and adjusted tlw eyo-pl«« for 
narnlbiT m ^SlbS [ImlrV thJ wring's tnlD»U. the lioriwntol ero^llno I 
fitter lie made to li-- it, U>^ jtlatte of Ihc arimntlial rotation of tbsb'stnjmcnt. li 
uiav txi arooroplMied bv nuutitift tbe reticule. after looMnhug the cai)«a»-hewk_ 
until i! point wioalmt M^ectwl throogbout the length ° r tiie l! "° whe “ tb * 


f .■ ^ih>jh' I* moved In azimuth. Iii making thl * affluetment, (he level tube u to he 
r ni diructlv bcnealli the teUecopo-tqbe. When made, t lie Hind] set screw 
,V ,. bt it to one of the wyt's may be set so tt 


to one or the wyes may ho m so that by simply bringing tins projecUn 
' i al fp rn she tel* m ope against ft, the cro**dJne* will bo tv*u< ctlvcJv nurullel an 
^jidkiilur to the motitm of the telwrop® in nxltiuithi 


; n „ Ti, h. tJ:ir to tut? n ii Km oi uic rriwcopo in lugmuin. 

* The Ur*l ©ollinuithig tit the Instrument may be made using an edge of some 
l,ti: hnjjv or any profile which i* vertical. Make the vortical cro«&*4ino tweent 
io 'jnv Hjeb profile, and then turn the tclratvip- half- way round in lu wyes. utb# 
, r mrJil crow-lino is still tangent to the edge miiwlnl, the vortical cWt&a-llwr U 

ku »tvH iotne horistontal Hue, and cause the horizontal ermtsdiue to be brought 
(i3i n tnl to tu Again rotate the telescope imlbway round in its wyes, ami If the 
jiiirt//»ntal erwulliie hi still Uugericto the edge selected* the borir Jnttd cri***Liie 
ei>lh mated. 

*]{flvlnjg iMflusted the (wo win's separately In tide manner* §elrct some well defined 
poii.t which this tromAlnm are made to bbeeet, Now rotate il*c icleflcoirc hair way 
round in si -? wyes. If the point id still bi-acc fed, the telescope I* iMduinhtcd* A 
very exi >lb nt mark Idle * is the Intemctlim of t he en^F-lincs of a 1 remit hist rumfflit- 
Cv nter the eyofricce by the four rapMuudn Mktl semra nearest the eyo eini* 
Jhb In done by moving the opposite *cn*ws lit the same direction until a dictnnt 
object imib-r oft serration U w it bout (be appcttimnoo of a thte or fall throughout an 
cut Ire rotation of the Sele&oojttr In lh wyes. The tekracope is now adjusted. 

Next, brliijj the level hir over two of the leveling screws, foeug the telescope 
dpoa e-na‘ tibj**a about 300 Ifcet distant, and put on the cuut-eiiudo, These pnxnm- 
UuiU ore nee i***urv to a nice adust meiiL of the level tula*. Throw open the two 
inin which In itd tlie telescope down in It* wye*, and tui ret u II y level the ItBSttttraCtlt 
over the two level screw* puralkl to tho telescope. Jilt the telescope out of It* 
Wj < S turn H end for end and ea n fully replace if . If (he level tube U adjiuted, the 
level will Indicate the Kiine fading a* before* If it (kc6 imt* correct half the 
deviation by the two leveling screw* and the remainder by moving ibe level lube 
mtlcidlf by mean* of %\m two cylltid> r nut* which Secure th® level tub* to Urn 
teieaeofp# tube at Its cyeflccd fMi Loosen the upper nut with an adjusting pin, 
un4 t !«cii rake or lower the lower nut a* the ca*o reijntrcs,ai;d Jl ually clatup that 
end of the level tube by bringing home tbo Upper 1IU U 'Hiia adjustment may nx^uire 
several nr]>«titiosis beforo it is porfoct. 

Tim level Is now to be idju*tcd so that It* axis may be parallel to the axis of the 
td' M’ope. Jhjiato (bo lelc*copo atawit 2^Jri fl* wyvs,aml note whether llio level 
mibbli- tun! thi! name trading ns w hen (lie bubble iva* meW the telescope. If ft 
kn, till-* adjustment ii liiaik'i If il lui* not the *aine reii(Ung,ntove tbo end of the 
Urwl tube lumreflt th© Ohjeel-gla** In a ftorl^ontal dll^ clion, when the telescope is 
in it* iKi*ltii»u, by ineujis of the Euo small Canshir^l waded set^ ws which 

ieem - tlijst end of tin) kvd to Uic tcIeKNijie tube* If too level bubble goes to the 
obji?et--lij** end when ihut end U to the engineer's right ha od* upon romting the 
tckscojHj level toward hint, then these screw 9 are to be turned In the direction of a 
Icli^L i' jded screw , a* the engineer flrr* them, and rfre Having completed 

Jins ndju*imeiH, the level bur itself must now be made parallel to the axia of thfi 
lovd. 

In do thl* t level tbe Instrument rarrftdly over two of it* leveling screws, the 
<llt v m S ^ t a* nearly level n* maybe; turn the Instrument VMFln ajclmiitb, 
and Jl thokvefliuljcuiea the *:uus* Incliuathui, tlio level bar lit adjusted. Jftlie level 
«iit blp tiidicule* a change of luriinuLh’U of the ieloseojw in turning 180 9 , correct 
b:uf the iiiiioimt of th( changi? by the two IotcI screw *, and tho piMlnder by the 
two capvtjji-li&iilod iiuta at t he end of the level bar* w hich Is to the eugmecr'* left 

* ■ ' L i: Jill can read the Arm's name* Turn both nuts in ihc ^me direction, mi 
| IU ^ a rovohltioti* starting that nut first which I* in the din'd ion of (be 

oe dred uiovenKiit of t lie level bar. Many englueers r*m*hler this nliu^Qinit of 
hk ie Importance, prefciiugto bilng the level bubble hi the mldille or Its tube at 
eai h bv incau* of Um Welling screw g alone, rather than to givo any oonsid- 
vruiion to lias adjmdinem. should il re^idre to be made, 

* Sole u* 


The J>mup> Level. 

The dumpy let*! differs from tins wy* ford In being attacbod to the level bar by 
immovable upright pfort*; In Hating t in* level tuti^ nrcnly «nim] to the uj>rig|i£; 
cif the level bar. \u taring pr<md<td with an inverting oye-pWce ^unle** oitlercd 
otherwise), ami tit the absence of thr tangent and slow-noikin mwi**. In 
10 the level Itself, and the optical pow#r of tt* tatoncopcs U a* fully the eqaa) of tfc* 
UK>W elaborate wye level. 

Compacts c*« is the cifcj^-ea aimed at with the dumpy level, and this umt 1 * 
s«ecu wi at the sacrifice of the [tart * of the wye level which may be considers i n*pf% 
In the light of conveniences than nvee*&*rHrs. 


Adjusting. 

A theoretically perfect dumpy hstel baa the Kfctne point# established that are 
mentioned under the head of wye levd; but *iuc* its construct ion differs Ttwu Uie 

2 ,'e level, the method* of adjuMwent are net so convenient, rca* mbling olot»riy the 
jublJtieiit of the transit tcleaoopo and its attached level. After adding the nmj. 
-thade and selling up a* n curly u* kvrl as may be, and setting the eye-piece to te 
rid of parallax, the two crow lines should In* set one at right angles to line the 
telescope axb describes in its horixonta) nvototictfi, mad the other craw-line parade] 
to such a line. This is &c*rompli*boJ by Imuolng the four capstan headed iwreffl 
near the ejwptocc, and Totaling the fatktflt until a point remain* biweted when 
the telescope in moved in azimuth. 1 

To adjuiit tin? level, bring the level over two of lu foot screws, and bring the 
bubble to the middle of lb' lube by means of the foot screws alone. Revolve the 
hurt ru went 180* in azimuth* and If the bubble remains In the middle H Is adjusted, 
if it d.N-s not, then correct half 1U deviation by the capsttindieaded adjusting M+W 
:u the eye end. and the miming half by the two font acreer*. Repeat the owr* 
lion over the Oilier two screwy until the irmruroHii may be revolted m any posithm. 
and tin* level bubble will remain In the middle alibi mW- . . 

To adjust the telescope for colHmatton. any of the method* pvtl for site 
horizontal croft-Uita of the tramrit Uk*cope (see l*) w ill apply to the dumpy 

level. The usual moth**! li to use a sheet of w ater, or whew that Is not uvadnble. 
two oUb * which are drim with their tafhcti in the s amo level piano. 

To nuke llm adju^umiit w lib th«- Klnkc*. *ei up tins level half way between two 
point r lying very nearly In a Jtorizmnul line, and ^.v 300 feet u|*aru Point upon * 
rod held at turn ot tluia. and bring the level to th* middle of It* tube. Drive a state 
It thU point, nod Ukc the reading of the rod upon It. Point Urn telorape la Hi'? 
onnndlo direction, again bring I ho Iml to Um* middle ofiu tube, and drive* «e«md 
ittake m the tecotid point eHectod until the sod held gpom the second stake give* 
i when hi Jd upon the drat stake. The top* of these tw o e 


Stakes 


the g aw* reeling n* 1 

now He in the same level line. t , . _ , ,, 

Tate up the level and set it w ithin a few feet of the HrJt stake. Bwl tlw* rod 
umm the fir^t Hake, and then upon the *eeomL if the tw o nnidlnga agree,*i»d the 
U*v, 1 U in Hu- middle of Ita tuU*. tho eolllinatioa k fiOCROt. I ft ho two remllngt do 
jmt agree, correct nearly tho whole of the dlsagrecnirtit shown when the tch| 1r 
held on the distant mdnt, Uy mean* of the npper and lower oaMjaiH^dcd 
urt\T the eye end of Urn tolc*eotie**iui the ojH*ratioa until Iwth rodg r+nu tlw 

wane w ith t lie lewl In th* middle of ll* lid w-. * . * * . * _* i * 

The td<*M^pc> und upright* are In a single casdtig, whkh to inkned and nUcu 
to live level br, so that the line of colliiuuiion may U* iwnnaneiitly parallel to It. 
Xhe dumpy level will then be In sKijurtmcni, rtoioo tlfce aiynstmcul of its vertical 

cross-line is of no Importance. ■ ■ 

Atl justiuent of the Dnmpv Level 1 — ami attached level of 
Transit Telescope. 

The following metliod \% Mjnplo, direct, and WOiHeltlcaUy acc.IW.. teqniring n* 
.npiininiat^ KveMmwment fnrai » pe* to *l* e «>' ,rr 01 w> ™* ’•''"“ik « ;hr 
mropc, t*u frialR to drivt* a pt% ju*t cnaugb and noi too far* no auxilUnt-s except 
l*vel-fwl oral tai»o or chain. 

* CroinboKi by FrU, It FWk^t* Thaj« S <b<p>i. CoStct- 
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<hi slightly ris- 
ing grvnnul luctttc 
four tK>mu. «i. b, 
C ami d+ 0:1 the 
Asms line, n early, 
making fef *- at, 
at*d ad any eon- 
. , , J . . raiieni distance, 

_ i( , witi -t l ,Pt * rT **jT iji>t much than m r uml in *i>m<r simple 
mlm with it, for .* ea euUuott sftemsnk Sn the mtiiroun'ut 
i M r;tak« rww! n^ A nml U' on a nnU b rwpwllTc-lv, .-awfully li-v,-,ii, k ' |. f..i v 
each #i* tit ■ h-'ti* unless the lufttrurzierjt is otherwise much out of nrjjastnient m>L. 4 a 
[t lii^ ifoe difference of level nf <t and & T J 1 1 1 

«* «P carefully Jiin.1 take reading* A' 1 and JV" on « and b re»t*c- 

tinty- [In slrictara* the centra of I lie jmrtratmmi should not be aw rl but bevi>iii| 
If additional dbtanoo—prindpal focal length of the objection* -f the ijjatarm ffM 

(hat h r »H to the centra of chi? tripod. (See the Manual, idMie *7. K(e, 2 .i 1 rlF 

A*) (1^—A ) — B~v rrrar of oollhnatlrai In ltod Emm* fa, that j s the mw due to 

the vertKol mb bctwuj the line of *ight and a*t* nf spirit leveL Now fey similar 
****'"• "* *"* r ; t« a I).- : w ... If. - P" X w 
■ , fa 1 

*hlrh w the error in die dirt lance W, and U to be applied to the muling IF* Set the 

For Adjaitw*it *1 * iMnpf 

H.ivhij: Ural wljntted the spirit-Jural *o tint it xt audits tree In all position* sboui 
Ihc tnrii. sii axiu, point the tekwMfw on th* rad. properly held at 6 4 with target m t to 
JW* [ “ V? J H >' of tile capaian-bcaifoa nww^, raise nr kurar the bcrltonial 

line linn It bisect* the lancet* To test th* adjustment, set the rod over «. with index 
rradin .; *B — IP*) - (B 1 — A p >, xml seo if the target U still bisected, 

tilJiitmuAE of MlHtid Urdof Iramti Ttlf»rap* 

The rod being hdd plumb at 6* with tnrgct act to read fB" — move the tele- 
por»f* bv mmt+erm unlit the line of night blwx-u tlM lams ; clamp aceumlT. 

I hen bting Uje bubbki to die middle of the tuU- by mesnh of tlu; lcecf-ciftK«ffac nut* 
<riotv- T«t as in the other mti v 9 

* — diagram ahowsaspodal tmm^rhn, when (B # — > (IV— a^* 

or the angle snbtssidpd bv B* 1 b one of oferatJon* If (B^ — A”) — rir— a \ the Urn* of 
«i;b; la nlptady level and no adjustment ^ u^doi if (& A # | < (IV a . |pi rt uV 
tend* ^n angle of deprea^bn. and 1 h to be added to B'\ in the latter cxise, |f iht slope 

m, tb *- 1'**™ 4 * 1 ^ A 'l ***** ^ ■«» «r a very small 

cShd/i negative ; but hi ail cnaes 11 U added algebrnlcxlly to (B" - A f ; to 

• J 1 oilier iHrthixb of adjti;iiment* we ununu* that Uic tnakTr liaa done hi* rart 
that tho line of colHuixtloti will not be dinturl^rd tu any niovcmem of theob- 
j ^ -‘ ^e lor foeuAing. Fa* l ujs fiiipjHwe thiu tho Une of collinmiiwi & made truly hori* 
a, ? tl * 11 k»P«>tongjit£oi we bare set the rentrr A of two targes, one over a 
* n . I,v * J ™ r ( llie instrument biing at cl. U now we foetts tifKin tlvrr farther taint the 
nug.> wld bisecbxl by the horizontal spidrrdbo. Tbm chattgu the focus so to 
uSLSfi?"? of xh * ^bjectlvo has not moved truly in tlie line of 
liuev I * u t!,e ^ not be blweted at the focus, and the nearer target will 

lit t X ? ndt i 01 kv<1 ' 'T hm fact u ^ Henofl, Jduce Uiii adjust ate tit raqnlm 
V 1 j focus, it cannot he made if the aboffll defect, in the movement of the obkotlva 
' i f| distance ml he not too wuall and the defect alluded to Im only 

‘ J J * 1i,l? >n clmugbi; focus for h and ti may be hardly apfireclabk* Tlie adixti 

wca- once made npi^oxlmately* we need not rarnark Unit, in the tktM work uiv further 
***** °* objectify h avoided when taking ©qukllAtant sights* 

The Plane Table. 

A description of this instrument, as moilifieti In plan by 11. L* Wbiutift E«q t 

T,; 1 *!* F; ^ Goust Survey, and o<m si rue toil by C. L. Berber A Sons* mav be found 
*n tut i survey Rr|^rt for 1^, 

flic following description 1U adjust menu, by A. M* llArrison, Esq PJ assistant 

s ' C. ih laken enclra from this nanu* : 

r which any portion of the Und surface 
de or proportion *>1 nature. 


I* «e*cnptic<n oi its anjusimenl 

* C- ^-p is takta entire from the taotc piper: 
^ t'lpography is that branch of survey W by 
1 ^oo earth U mapped \u plan on a gptcitkd scali 


I 
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frith (he phiu<*cahte Midi 11 tnnp Is constructed on iho ground t»y m oure draw* K 
uiKia tbepipcr, which t* spread upon the Ubic, the angles tidMriiiled by tuff . vt i 
eWf. * % and dctemlnltig by iittMectloustholrTrlallw position*, Instead of Hading 
otT the angles on gndiiAtra InetnunetiN and uftorwani* plotting the linos by itunni 
of a protractor, uni* done In oilier method* of surveying. Hie pmcltoo with the 
plane-table hiia In this respect a greet advunUge lit tOMctru^ and preehdoik The 
nietuitrenant of dfstanecs and of vettkal angle* are uae<L, In conjunction with t!u* 
'iictbiKi of intersections* lo obtain all the data for representing tbe horizontal anil 
vertical f uture* on the map, w hich Ib drawn, in the field with pencil* the dc;:i;j| 
bcluif filled In according tocatahtidicd conventional rip** 

**AiUii*tim*iili>*— From the nature of the service In whim* s* vikms of the oog 
try the nlainMable is often necessarily subjected lo rough usage, and there U % 
constant liability to n dUturbuime of the adjustment*; In careful hand*, u uei| 
uiiule iudirunwiil mu v bo mod under very unfavorable cuiuHiiuns for a long time 
without being perceptibly affected* One should not &U* however, to make <** 
rioual exauUnation* t and while at work* If any difficulty be encounteml which min 
othcrwUe be icoauitd for, it should lead directly to a scrutiny of the adjiistmc n, 
"l. Thr jMwckd *d>j9 of thr rale*— Tld* rthould In- a true, straight edge. 1‘Uca 
the mle upon n smooth surface and draw a lino along the edge, marking aUo the 
fines in the ends of the rule. Kemso the mbs and place the opv»*ite ends up mi 
tfcm marked points, and again draw the line. If the two lines coincide* no Mljttit, 
incut is DtMwssuv ; If not, the edge must be mink true. 

*~'ilK*rs is on© deviation fhmi a riralght Hue, whlrh, by a very ram possibility, 
the edge of the ruler might assume, nmt yvt not be shown by the above test ; it if 
when & port in convex, and a par* similarly situated at the other end concave, la 
exactly the satiio degree and proportion* In this case* on reversal, a Hue drawn 
along the edge of tlie rule would be coincident with the other, though not a tnio 
right Unc: tin* can be tested by an exact straight edge. 1 1 

Th* torci ctt<irJi*d to tke rare.— Place the iiwtmnM*nt In the middle of the 
table awl bring the bubble to the center by lUfanri oftle leveling pcm* a of the table ; 
draw lines along the edge and ends of the rule itjxm the board to show Its exnct 
pofailoti, then reverts Iw) 3 * if the bubble remain central, ii is in adjustment ; if _i«ut 
comet it ouc-lialf by meant of the leveling screw* of the table, and the ©thsr but 
by the adjusting screw* attached to the level. Tills should bo rcpjalcd until t w 
bubble keeps Us cent ml jioidtiim, whichever way the rule may bs phew upon llie 
table* This presupposes the plane of the board to bo true. If two levels arc on 
the rule, they a™ examined and adjured In a like manner* 

“Great cure should be etcrciKHi in iiumipulatlon, lest the table be dUturbed* 

* k 3 _ Move the cye-gla** tmUl tlie crtws-luilr* are petfijctly distinct, 

and then direct the tc 1< *<xhj>o to tome distant well detliwd ol^ect. If the coiilui 
rruiititi ifcrf-'-ct when tlie position of the eye is clump'd In any way, there Is njj 
parallax ; but If It does no:, then the locus of the oWecWl^i WIU* be e bunged til til 
tlw'W 1(5 no tllsplaecmrul of tltc contact. When thU I* the case, tho ciOSMidra ar» r 
in thocoiiuiKui focus of the object and eye-gbnuMis, It tnay MSirtntUlM true fun us 
of the rnwhalrs li nut . obtained ni drst. in which case a rawflustidynUS WHHUtsaJfT,ll* 
order to see both them and the otycct with equal dl«linctio>s and WMoont paraUJix 


Tin' Striding Level, It* l ^‘ find Ailjiiatinoiila. 

1 * tewtiu lo haif'fnit.'.ic*, Am in tdrtf of ihc t^ewrn* » 

tuf£» ' citly to Murre ij%»l vt#k* W tW HS ■» I bt cJ>„ ji ihsn ai#J i4M| 

So, 1 d, o.>ild to* pfniiuX-a -ftith a ^nUitr^ krtJ, to imuit m oT iceor*cy tti Letircti; *>■* >■* 

jfC«icrO«p 4 t'^<T. TlfC « iMiiitrtKv, o/lhi* ^ndog k%>rl it o^ujJ *otk*t of tkc Uttg m tXc 

Thrji k m U he *<m thoi n a Hamit </ UiH ti&aivmm Ufl j4ju k,«k wf%v *vAf ihc purr**#- M UsdUtf g 
frmraJJy, rad iXai in -U| c*t>t mr Uir tk ulicvt, , nary (.oniHWtnltir hi lidihi. kvcl <#i1) 'h»*ila Ml 

dc»*citir.k oo »t cv^fy *tihl» Ihc tii.imp tawl nf ih^ifitsniruni it,i* nn tvocyluiicn of «]»! dumexm 
at p«ni« Urnocm tXc ihf u tt-i.it* uflhe tHcKoft ; #r*l s uj<k*c lh* n*ei4 df^ntM<* p>ftc f 3 * 

■dtfVM »V*l« iHc nf *ijutUt£ the tdbencope m ie a vntn.o] pkic-- A* tl n hi ih# rut, («»• 

■Httilfty kv*rl <m T>« Itft oo it*? Jui» olwo tht tcjou^ifw « nritiS'fd m ikkair. To rcftfjf i 
jd^'iimru «flhc Icrrl (hi wsIjctj oc#d*w +* nulr fa **» p*r»fW lo fa f t p * w it) k%ct ihc trjt«y 

ji*i brvifj i tit InihUc u ihc rriildk <4 It, tsbc, iwanm ilw iirvlioj kret xm the <yiitttm fust her * v eWt it 
ihe % ijik: if i*f<. nm^y* h*f rt* by iM other Xj»if I 7 the i^pinn-Xcs»JciJ utrr** ** 

ihc ci>k nr4 fepe « entretird. To rrrtfjf !>*; «*k od/wU'Jfcmi <4 k»H, mxir* rhe t*l*v pc » n * 

ini iwi okrttci ihrf pcafaif; *f th* hu^M# rcnwn the Udc. if MS, <«ttcl fa tfiflf bjrik t^w^iuoS 
Ktctt mi ihc **fa> Ti> rtnfjf fa Mjiiijr«#mof tb* troH iiMtf lie tck«oapc far ti*bt anjk* to %\*t 
txift of tie trjftiit, rt-rolw it*c i*»trv««ti tfei f I* MiftmCI. afr 1 mar Icah nfvkn, ™ which >he 

fCTuUr^ Uval r**H, arc c^mI ha cLaractcT, a < halite a the m*Jini of line lublk wJt iiv 5* ?lf 4 yuVc O* irwa™, 
<4 error To coqci'i if. iro» ,,c i.ilf ih* r rror by the kwiir^ terew*, ihc other half by tbc AVyt odjuMncai °* 
ihetiaodnol. itut the p*e»irii of ihe c*j**U4i-h»doi turirt a^w the kwj tube wet* *m fa* | 

to tb( tf fa Wye uf the llurkn), ■ G* L. B. 

1 t ,r imo lrilnrmaiie*i nolhk atb^Kl. tee paven 9 S nt#l f>i|j>oir^ p of dU» han*U*K*i. 



In the ufmfnpanyihjr cut, tho liwUuttiefct In r*prv*Ofltal in position for an ol>- 
ion; mu! lr> north latitude (an In thowo In^trucuonn wo will smppdao tho observer 
to boi i hi? view N as from tho west, 

■l - Hi*? lino through tho vortical axis of tho transit iv'praetii* the pole of 

horinnu. iinii In railed tho IVrttcoJ, 

The line perpend ion I nr to UiIn lepra^t* lh*> fforcm*, 

(1) The transit telescope, having Its opUral nxh in the meridian, and having 
htNouth end i whether obleet-end or oy^md) elevated *o that the verUoal*an3 rend* 
w eMatitude, will bavii lirt optical aala In the plane of the equator ateo; rix. tho 
WieitS axi* of tho telraxipn will then represent the biter*ecUofi of the piano of Uio 
**®ridtan, with that Of tho equator. This lino In railed the Kyanttfr 

The Hue perpendicular to the equator, — thut around which the solar 
weneope mvoltta hi folio wing tho mm In hi* diurnal course J* tho pole of tho 
Gqimtor, It U pomHc! with tho earth’* axl^ and 1* called tho Polar Asia. 


i\ h. ltergcr & Solar vt laduuont , 


VVriiKsi fee \h\* ttutagbc bf H. C. ?t*fcWv^ C £. t Fcrrphitr;, V|«<h. 


Tho Attachment.'' of which tho following l* a tk‘*crlptl<m, l*a modification 
, pZZrtm'* Ttcurit. 

IV 1th the view of reducing the weigh and east of this attachment Uw declination 
ft iN pen Ned with, using, In Its sued, the latitude art* for sotting oif the dec- 

;iU *Ar.dt'> attain a *in -a tor degree of precision, a small telescope with croxhidr*. ami 
4h**imiil e(fe*plccc- have been Introduced ill place* of the Jrm-har and focal* plsito. 
* rrhiu ar.idinMPtit Is aw appliance to the surveyor * transit, for the purpose of 
indium tlie astronomical meridian. Combined with that Instrument* U become* 
^rel^Nttridiomlcal in Its character — indeed, a portable Equatorial, and an AIU* 
Vslinnth Instrument comb bird, — hence a few astronomical tlcthiUlotis seem to 
be requisite* 


W * ri ' distance from the equator to the vertical ta the Lutkufr of tbo ri R 
y- "hence : he ‘ »ll-T.n,. 'f fn>m Him- vertical to Hi - jN.dar a*H i- ? ht> 

It will l?e i a^m^i l that tiuvo arc* occur alternately around the entire circle* M] 
l luti thoiUHknt *lioiiid luitko himself familiar with (heir rotative portion with 
to the IumJm. ami the vertical, In or* Lor to avoid mistaken when witting th- iV.u. 
axta of t ho instrument up to the pole of the equator* 

(*-) datoinjjwoirtiJ Triune's. Thu height of the sun ta nicimmxi in a plane hpc4jm, 
through the "Vertical ,# and the mih k and is called hb Atttiu jfr, whence fete dUaS 
from ilio \ etilcul ** U hU OlbAM ftkfc. ™ 

in the same manner, the distance from the nou to the "ftuta" la his ^o-dn^ 
UnnUun; ami Uhi distance from Uit? Vertical “ to the ik>ie, h the olieiervcrV 

Thu*v tfcmj eompUiucnU form what h miUsl Urn Awfrowowtfftil JVfamjfe. 1 
Thu* wo hove tho Ihm? rides of a *pheriatl triangle, from which to thru] th (F 
soffisnu angde*, 

Hi. ) Tlii* angle ut the Pole, contained between the meridian of the obaervet 
thut (taking Hi rough tho euii, \h vailed the Hour A*ylr< a* it give* the d brands fr. 
the gun Uk the otacrtWa merit I tan. In time or arc, and i* usually reiwriW'iitvd bv thr 
letter H . 

t7.j The angle at the ” Vertical. *' or at the ob oervwr'a xeidtta contained betwM 
the meridian and a vertical ptami piling through the SIM. ta billed the drim* 
dHjjjf, and ta usually roprwcnUri bv die letter Z, 

fhb angle ta tho one jxmfvutariy Important to snrceyo^ as from it the place of 
the meridian h readily determined. 

Navigator'^ look for ihla tingle every flay, when an observation am bo hnd f ^ud 
*m>Jvc* the triangle for 4 by one or both of the following filiations. 


in which 


^ s .T-E?V . 

.in t /. = (*"<» V -►'> )* 

' <xe L euo h 1 


1M 




I*= Lwltwle, Z . the required Azimuth 

■i swdliatlOtt, p« Polar Dtatancc 9 i)p — <1. 

h = Height of the suti'e venter; eormdnit for refraction ami parallax, 

K = | i L - h + pjL 

T 1 1 , : ’i n vann *'" mhkh U Wiidiy i bttil t>\ in] iK W accord >/', ms r be tK^U? 

To solve thf’se Cf|iiiit[<vns mimCricaJly requlo'Sf much computation, tail the 8<A*r 
Tfaumit mlvxw them for Z. n&f'kmtmtHy, with u<i mo tv* corn pul at ton than that reiglrel 
to deduce ihe decilliatkm ff>r tho hmgitwlo and Ics'al IIitmi of the observer, from Hint 
given In the Nautical Almnimofor tho flay. 

From the above definition*, ll b readily eoon that the foHowlng ^indltlon^ or 
relation between the [Hirin of the instrument, must ha established. 

Id.) # fhc polar axis nuM V IVifftW, when tho vertical art 1 (latitudo «r<\ row 
wn 1 . and, enaacauontly, perpend icntiir to the cn-w atl» of the transit tdosoope, 

(B.) The iiori^>mnl cte^^*wlre» of the -«itar tekveopo must be ] oral lei with the 
plane of ft* rot nil i ut arnoud tins |H>tar axis; i. t* it raiMt bo parallel with the pint u* 
of tho cqimtor. 

id The plane passing through the vertical wire and the optical axis of the 
aotar ivlcsrojK* must be at right angle* to the cross ixh of the solar tftlcfCOf*. 

ift.i Tho liubhlo of tho leveHttW on tho ^>lar tcU , t«cop»> must lie in the middle 
of ita luta\ when tbo option I lUtta of lliat tcU**ropc is In the plane tho horizon. 

Thiwo oondtttom arc obtained by the f< it lowing 


A<Uustinents* 

i \ Having aUiudicd tlic polar apparatus to t ho crona-nxi* of the tolofi-coi^e. peg 
Inetrurtions lmder the hand of *'Rfmarkfi." and having Waled up the transit i^ujn 
to be In ]wfiH?t adjustment | cnrcfully, set the vertical or tatftudo arc to 7A*rO t 
observing that, upon rotating thi^ wbota iMnimcfit IhO^ in arimuth t the bubble of 
the Jctvl of tbo tranecit trhwco|ic is in the middle of ll* tube, (lamp the ihjIht axis 
firmly tolls collar by means of tho etamp screw at the lower end of the polar oxU In 
a position approximately vertical. Then, by mean* of tile opposing taiap?nt pcnwm, 
abo at the lower end of the polar axl#, bring tho bubble of Its leaNfl t be middle of 

Ita tube, amt repeat If newtsan’> 


fjtTttlre the polar ax tS ISO* to sec If its Ictd oh top U in jumper adjustment; 

- * f p.jjKivo half the «w ti]r SKmu of thc» oppontogtongcnt screws itt the tower 
**i tfao oIIut half by tho vW[fttAndira<l<id acxm o! the lew) tube, (THU condition 

C u ^ be attained* befuro tho polar axis <vui ts? srt to tin* UUtuxla of the olmivi^ and 
Fv..'. uiMiii^l. it needs no further intention than to Ir- ex am host ui time* for 

I motion..) Now tain the solar talaacop* *o as to !«> parallel with 'the 
ot the mala telescope, and otwaii* If the bubble ronata* in the middle of 
\tn tut-" If not» make the requisite correction by mean* of the mpsUm beaded 
JJJuu* rvW the lower end of the polar axle, some of which draw, while other* pull t 
taking earn no * : strain UuMl, 

Xhlii last adjustment brings the polnr nxU into n vertical plane perpendicular to 
fh«t of the hntt a^JystiQfBttt, and parallel to ih<* vertical plane containing the optical 
the main tck*eop& It is made by t ho manufacturer, anil, thereafter, needs 
on i v to be explained at time*. Ami if the nisvvo adjust menu* are properly mode, the 

i ff the frtW m the jwAar ittt*, that of tk* frtW cm iM frunstt fcfwwwjj*, rend th imc cd 
tiw pVjfc IWvfs cm the N^il. iriW off be in fh ivnfi¥ if their fata*, iinef the tvrfinti un ; amf 
fOiu 

iff),) Bb^ect some distant object, and tom tho solar telescope suflldentiy to the 
right sod left, around the pdur nxi*. to make the imago of the object traverse the 
IE i'M fmm < me side of the tube to the other. The Imago should renin in M sorted by 
The wire. If not, loosen the four slot-beaded ftmma of the dlaphnim, earn ing the 
orosn-liaU*. and turn the diaphntni, till the above condition Is nttalmsl, and fasten 
the iereirt «e irely, 

(fV.i Direct thftiplnr telescope to bi-sect a distant nlijcrt, revolve the transit 
around its vertical a xht exactly i*o° In axlmmh, and without dlM orbing the polar 
axi> reverse the solar telescope on it# cross-ails. If the vertical wire again bi-*ects 
the vune object, the adjustment Is made; if not, move the vert tea l wire one-fourth 
of the error by the slot-headed screws Ml the side of the telescope, ami by means 
of the transit's lower tangent screw, again b 1 sect the abject flrM selected, and 
repeat as described above until entirely corrected- Ttie mylar telescope showing 
objects Inverted require* the errum-wire dlaphmm to lw? moved as ileNerltH'd in 
thi' fttoMioto OH page 4'j of nitnaul. If f<yr the alwvc opemtioa the |x>Ur axia 
revolved too freely in its sockrl, the operator may Insert a thin piece of paper 
between it and it* socket, which afterwards mud be removed. 

Iii*mart any dUtnnt objoct by tli«> main tole#oo|M\ Then, by mraun t>i the 
damp arni opponlliff tangvnt #ctw^ on the solar tdtteope, luring Ha i^iti^wliva to 
bhi-cet the same oi>jfH;t. Now lend the tunin tole«oo|Mrl)gr moan* of It* clamp *ml 
tangent serow, then, by menrm of the <w [***** H*hi i nd ml screw, bring the babble of the 
h’V'H on Urn *olnr totCSCOpe to the middle of Its tube. This U'ltig donii, the ofdlcal 
ax*- of the two UdeaCOfK* t»ill He in parallel planes, and th(> Iwtnimwt ^ rendy 
for u*f\ 

All tbe^- adjoatmenta nr e made bv iho niannfrteturcr ami reed to be verified only 
fKxn%l4>nal|r, 

Before the wolar attae bn lent Isavmllahb' for AtxHllg meridUn. the otes-rver taoat 
kn*'w his lAiiHnfh, and the aim** i)eriinoHon for the <tay and hour oli^enatbm* 
corrected fur refrurtinu. whenco the 


IttMiurtion of Declhmt ion nml Itcfrnctimu 

The sun's /hWiartkm la given for noon of every day to the year, in the Washing- 
b- and GrwmwWt Kphenierfs of the uun, for tboac mcridiniis. The mat»s and cliarli> 
in use will give the dlfTciytiCO of Lrmgitude to alt the pcochdon required, and lablea in 
tliin n»anua| give tl>«> reftnlrml Ht/metum, 

An cxotDple wilt best illustrate; 

Hcoiilred a iledlnntion tabu* for the rilfiereut tiours of the day tor April 23. 18A5, 
buL 4P X. ? and bongltiide i*7 v% W. At 15*^ to the hoar, 1<7 C ’ of Inugltude is about 
hour* of time, ami as this longitude Is W., 12 trclix-k, or noon, at Greenwich will 
correspond to 31 a. sl. at the place of the observer* 

The declination, a* given tor that day, in the Greenwich EpbetnerL*, la I3 1 ' 3ft 
f H X*, ami ts shown to be jj lining at the rate ef4H" per hour s^e column 1 waded 
I> in- rence for one Hour, with the signs 4- tor sun going Norm, ami — tor son 
tfoltjg South I- 


m 


If nosx, To the declination for AJ a n., we add the hourly rate of change & 
jdvely, we shtill bite the declination for the several hours of the day , observing 
the first Increment U for only half nil hour* thus : 

Form of Daily Declination Table, 

A nut. 23, 1633. 


4 * 

1 


Moqriv dilfarace 4 

1 F m N. . , . Dec. =» is* L>*r 11 - 

2 ** ... *• = 13 27 m 

B *• ... '* = 13 27 m 

4 44 . * . u si n 2* 3$ 

5 44 . . . »s 13 TJ 27 

<s ** , . . « bis ao hi 

7 u , * . « = 13 31 04 


Hourly d Were BOO D*:c. -f 43" 

IN'C. 5} a. m. X, . , . 13 w * i 04" 4 

“ 6 ** ... 13 20 2* 

41 7 44 ... 13 21 17 

11 B ** ... 13 22 CM; 

" » “ ... 13 22 53 

" 10 4i ... 13 23 II 

41 M “ . , * 13 24 33 

41 M. “ . . * 13 23 22 4 | 

Ttie rthovi- table must foe corrected for the vffocri* of rutmutka, h4ora It Is 
OK the % etlienl are of the transit, Refraction liivnwew the apparent nil it »■!■* of 

object. and there by nlf««U the declination of the object — ^SJjJJtah'tiig J 'h° dtll 

tion w hen of the TlffeSent! M,ne * W,Ul * l * 1,tode - 

From the 4 sign of the * dUfarviMV? ■ of declination, we see that the dceliimiWj . 
of the «*me mure ^ ihe latitude, whence the comet ion J* an i«crrj»^. and according 
tho 4 elan a* sujfbtud- This etgu beloaga to the rofmotlon. 

When the object is In the meridian, refraction nflbct* diminution hy its fid 
amount; lwit> If both tho observer oiul tho ofoJ<*rt were in tin* plane of tho' equal: 
refraction would have no cjflhct on tho ob|*vt with ri^bnl to rnfmdliiii ; whoiwv t«> 
tween thc*o liiniu, only a pert of refraction u effective In diaaglntg the docllmition. 
,fu*t what portion la t!fTeetiv<\ i-, shown by table IL of this jmjier* 

Thu«, In the given Lab 44'*, and for* K-iy 4 hour* from noon, the poelttoii of rH 
fraction to lie applied I* .74 of that cotrapcuiding to tin 1 altitude of the object at the 
time of observation. The sign 4 t® be usrsi must bo di^tvrmincd, as altove, by cc 
Shlerlng whether the turn is goipg north m south at tho time. 

Thi* pan of iin> reduction of declination cannot. of couiwo, ho made till thealti* 
lude l* found at the time of ofconratiim. 


To Fiml the Latitude. 

Ihii ini; pn^ud^l the dcrljruHlrm for the *Hr r ns nlxiro. iewl up the imnAit <ort- 
fully. LevH th^junin telescope, observing that the vertical etc reads jw?ro. autl 
the polar axin to A vertical position by mturns of its i<iv*H. 

Tlics** points Iic4rig Ainilne«i det the main totatonp*, pointing south. Then fori 

"outlt ! ell%mto ! tJl ° ou<1 of 'be telescope, till tho veftlcal aiv ln- 

<llOAtes the deolltmtloi] Huts found. 

Then, liavtng lumvl the so Ur tetacnpe Into n vertical plane pitralld with 
oonlalning the option] »xU of tii«> main bditaeope, level It carefuli.v an>l damp it. an . 
K.-,* that the frlrti^n spring, at the lower etui of the jN>lat ask, U aufllcientlv inul 10 
hold it In potitlon. 

A few mi nut os Iteforo the time of the Mm V culmination, brtng the teleecopo Into 
In** vertical plane |ui^elng through the observer tuid the sun, imd - /Ac«tt«"‘ with 

Hit 1 Momr Idoficope This is nwllly done by varying the altitude when the ^mi' 
image will nppcjtr oil tlie diagonal 

IlaAliig - founit the sun, 1 ’ h\^t bis inmg- with the vertical wire, by vnrvJnir 
nxli nut li with th« tar»gv«t of the traiwit plate, or with that of ihr« outer eenton 
aml t stmultanorHisily, Ml tm him in sJUtOik — the hotijeocttal wins bitting the \m§ 
ptlll it to ri*c F thencUmp and r*wl tho vertical nr>\ Thi* rtndihn 

bf tht mu in Oflbt f&hjiitwb *m*i tbo n^fractlon living that due to the moHdhiU 

altitude of the *un, which la the algebraic num of deetlrmtion mid <y>-Utitt>rle. Yro 
this twljpg tin* latitude |g tvadlly d^lucetl. Wjth tlm latitude urn! dodlfi* 
known, we nm prcpaml 


Tu Find tin* Mcritl i;m* 


_ ^ \fi for finding latitude, l«ve| up the instrument Onrefollv, the venter of pinto 
.umiid- «*?* 

^ ,Im Yoitii ilit* lelweopo to the sun to dud hEa altitude for Iho reFractioti. TliSh 
' \ m > found with suIBekjttt accuracy by turning the udmteope, till the nJtadow of a 
||. ;4 nvim* the end, or till Ho? ahadovr of the screw* chi tire ride, anj ]*tndlW 
Jjjj, itir tube. 

(c j Th<* refraction corresponding to thU altitude must bo mill tip! tod by iho cor- 
coefficient, for the time from mwi and the latitude, and npfilint to the 
2^h ft .girw* «►* \*' T iin*f ruction* above, for the comctod dreftaof km. 

(4.) I’oittt Iho trt*woiw to tho sooth, «twth Ott-l decJl- 

p ^t|,v :Jf till the vertical in? reads the mvmH'tcd declination, and clamp the vertical 


led The main leksoepv Iwittf? dipped to the corrected dceliuui Jod* level the solar 
yla^miO hy menuoof It* level, being careful to do when It Is In a vertkwl plittio 
jiira I with that containing the optical axis of the main ttikflOPpt'* for only whet* H 
i*. In this plane can the declination W property *#rt <*1T. 

(fc) Elevate the south ecul of the main udcweOjH* 1th the co-hiffoufe, by means of 
the vrrui'wl are, and turn the telescope sppa»lnit«}jr into tbo meridian, hy mean* 
t >f the magnetic needle, 

ijM *' Kind the Mat M with tho solar tohxope. This in dorm by turning the whole 
tu-iriimeni In azimuth, on its outer c ’enter. *lrimItiuieou»ly with uVnutlori of the solar 
tn right aaceo&lon, till the sun's* linage U seen In the eyo-cud of solar teles* 
cepe. Bi-sect the imago, as nearly nn- may lie, by tho two OiOUOflS above named — 
eUrap and complete the bbmjctkm, hy both wire*, by moan* of tin- tiuaft'l lower 
Urne Ot ^iw iuuI by tailing ilo? solar trh*tcope gently with n pencil or other light 
etick. If the image of the sun should Im m I urge tut It catmot nil bo from one 
poelUon of the eye. look around It by moving the eye around it in inch a manner hh 
to see the entire clreurijf*?feiM > e. ami bring the cru**-wire» on the four aUtafe of Iho 
Imago. Moroiaf to their respective t$Uta», by moans of the motion In n/.f ninth, aod tho 
motion of the solar telweojie, as above d<ttcrll«d_ ThU being attained, hW upUnd 
an* of tk< mum irltMCQpc *houtd fx m ihf (tmirtmf/MiiHit mvrrflUin* lb?fer lt> an ivzimuth 
nmrk. aim l n^Ktut the operation* The aimve In called n *tir*v( obsertation* 

ih. To make n rtw t rm otmervaUdii Having rtnwle the direct dbaoivailnt], turn tho 
whole instrument 1N^‘ In azimuth, mni s*^t tho ecMhHiinaUtm off, on the opposite »Uio 
of the vertical arc. Also turn the solar toloaoope 1WJ V 4 and proceed ns In-fore, The 
object r*f twjieUtkni ih to t41ndnnte personal UOU^pteebloti, and poasIfiUi rmfS 
In inauliiulniiLm, while the object of reversing ia to eHminntc any [KMOiltd^ tonialnlng 
«riitv of adjustment of the iiwtrumenb The prudent surveyor will not truet hlo 
work without such verifscation. nnd he will lake the in tun of both oliservutlona* 


Remark*. 

l.v 7b unsmrir thOfiolar apparatus from the imddng-pleee, at the bottom of the* 
box. First. relniM* both, the clamp nnd the tangcjn aevwwtt, and then turn the milled 
nut, ai the bottom of the box. a few tlmo* to tho To n tUrrk tho solar auncli- 
ment to the Instrument, turn ihi* milled- headed nut, from h'ft to right, around tin* 
sr-f^w' <n> the instrument (the end of the IfoeNiXte, luarkoil Xo. t, on right Mde of 
hrrtrument) but «M04d the sol nr n^uiratus. To Inauru » perfect contact of 

thr* Jhiugo of titf collar agalmit the shoulder of erosa^utb -* involving, as it does. 
Hie adjustment of the [nvlar nxU In the direction of the of the mold tele** 

tope |t b nooo^ary tiiat the partu be kept dean of duwt, grit, und dirl of any kind. 

ISA The niix Illary, or latitude ievei f attaches to the tdher 00(1 of the eausaiU 
(tunrlcod No* I) on Uie side of the vcrtleal arc* in the eanie manner. 

ISA The latitude level In um* 1 to facilitate the netting of the instrument to tho 
latitude— the tHcecopo toeing niiJtifitM to it* position, with more facility niul pro* 
vision with tho level, than by reading the vortical are* 

N itsj— T ht ewai unliiy 4f iho mkiUary, w ler^l iTTKhr*e*r r « w^n i n t\* .>/ Two of 

®Oc Uitk brief the tek^cnfic wf a w^THdeinelrAf nMnaMt— 1 » an uch WW — tiw» r*ch 

I ih« aw* SKh m A If ao*il W , an4 «o* of them Win k adj uiAnd 1 f> O# iht oiht t U> t>ie /jsiw firm dr* 

* '- £,•**+* ru) wuiic in ertkr JirnJnii o*i \h* t ' +**■+ lW f 4 * lj|y f\*d b< tm a IcvtI line. 


(A.) In th* k'w t m: tluj s^lur tolweope euutd also bo dUpmogJ 

with, bjr utilizing the t#v«l of the main teIo*eo|H* t In the soot# manner *& the iaUiioji 
are I* utilized for thn dodlnatlori . h (Meeting some dl*' ?i 

tdrioupc*. their opt leal juite w ill Ik? porolleh Then, when brought to * level, t£V 
tevd bubble' should hath road aero. Then, the level on the dolar tclcwcopo l^ :F|j£ 
kejic level, tun l the main telescope dipped -or elevated u * the required docllnahan, tti 
dmorenroof their vertical amdo* alii In; llie mpiirud dedlnuHait 

{&-) It will Ijo oh nerved. that in this M Solar th-* jwdnr axis h|Ki7MiuMniiflrt') th* 
optical avj* of the mala telescope, while in the Pi -arson'* ''Solar ** these axe* . Hrt , 
^tailW, tthaitie the different an* found bv an <ih-*rv*Elon for latitude, sud t)^ 
different angles to he set off on the latitude are hi Hurling the meridian. 

(ft.) The latitude having been fmind, for the Initial point of a survey, It may U* 
found far other point*. within moderate If mite, by allowing I# chain* of UOfthllS y- 
Southing for 1' of latitude, 

7.1 Tho object of bringing the tctcacopa Into the meridlmt by means of the 
motion cm the ephidK It to Imre the *i>ro Um Of the horizontal plate In the mcritjk 
Ihni th* azimuth or hearing of Hue# can ho referred directly to that Iiu4 
(&) If, for any cans*, we are obliged to work with mi uncertain latitude, it i% 
better to do m with the sun a* fur from the meridian a* practicable, fur the follow* 
lug reasons : 

It !* oiilv when ilm sun is In the pole of the meridian* that Jl has It* maximum 
HHcfeitcy in pointing out tim direction of the meridian. Hence, a large honr-angtcL 
and a small dcoJinalkm, are conducive to Ihu elimination of error* resulting frutu 
ait htoorrvet latitude. 

Indeed, with the sun precisely In the jmh* of the meridian, meridian is dvtcfinb 
UUtO hulcneiidantly of latitude, 

W* i In making the several adjustment or rather In verifying them, the indent 
ihouhl have a true meridian i^tiulUhcd by sumo other mean * than hv ttio+ 4 *olar 
tmudt,”— as from Un* North Star, by some of the method* given in woriaon luiv 
vevtag. Ho should coouianv the result# of Ills observation* with thJ« meridian at 
dine rent times in the day, and under different states of the atmosphere, till he hit* 
learned any |^ctillsr1t # v of the instrument and tho utmost precision obtainable with j 
Jt, as well us the ordinary limit of iKm-prodslou* 


Degree of Precision Inquired. 

(JCi.j Thl* T of course, depend* on flic character of the work to Iw (]em% In the 
r* 8. Public Laud Surveys.— wl deli a nr. without question, conducted on the hen plan 
tlio world can nJlhrd. — oa/jr onu/xui /fno my m/nrfmh Ah ii eoiucqtieiico, a wide 
margin fur itmopreeisnui is given. 

In *iih-divtdhig a block Of townships* the surveyor In dOQtllflff a random off* 
mile*, !§ required to nnikd his objective point withm 3 chains, i barging the half 
of this terror to Uurnl uicofumnent, wo find the error of pursing ot At b* *cffAh. W' 
of th* true Cfriyrse.. 

(II.; M MtnitdfW' the author! tie*. Imving fallen 111 love y .th our sy*tc'n sf Piib^ 
lie J -ii kkI 8 urveys, have adopted It; but they requir gn*4itcr precision* Tfn^y re- 
quire clear transit lines, perfected with the best slvdneh illver tlucd ItietrumVnis 
giwduiCvd to 10^, 

in coursing it ft mile mndoTii In the pub-d! vision of a tow-nshlp, the surveyor 
inu-.t innke his ohjirtlve it- dut w ithin ear cAa/u, in order to *arc reviewing Id* w ork, 
charging, as befbre, oim? ball of thb error to the lineal measurements, we find iIlo 
maximum error a 1 lowest in coursing to ^ hH wren it <rs<f f, 

VI U^iJA fib "JV>*r Solar” m nianufainurod by Me*^r>. CL L, Ucrgp-r A Sona, 
the surveyor will bc*ori*i*c4 an-) del If bled U> see the faeWif and otrtafatg with 
which ht ran trrhuj Ar> writ far CM tke fiborr M. 


Incllnul ion of tlie Meridian. 

\ In pittfeetinr are* of a great circle with the "tolar transit," it Is of the 

* .jLg importance tliat tit* surveyor Ins able to toll the Inclination of the iMridlAna for 
’“JJjjrtlitidc* and for any dUtanre of easting* or wilting*, 
tliU prohlm is not tmted hi ehntdiity work* on 
•iirrori r >jr* perhaps tlie few liluh may be of use 

tithe rating suwtent 

In tin? following Hgurti. | let the two arcs A G, and B G 
ar*‘s of a quadrant of the meridian, V 3 of longitude 
m«irt. A B — tint arc of one degree of longitude* on 

*li,* ^juitor ^ 05-10 miles. 

Let D K be an are of longitude on any panilkl of 
latitude* Al*o* let K H ami D H be tin; tangent* of th»*o 

merkUan* mooting In the earths axis produced, anil cor* 
mnoudlng to the parallel of latitude D E. 

XI:. i . the line K F ^D F— oos L — uo* A !> or U K. 
jU*o. the angle 1> y E—l°,*nd the angle 1> It E — the 
hirUiiatiuu of the meridians, which is the angle wo wish 
i« i rii u U m id wl 1 1 c h we w I ll re [ * re sent by X\ And been uv 1 
the two triangle* F D E and D II E arc on the same base 
E I), amt 1 MMeclim, their vertical angles vary Inversely as 
tbdr * 1 ^ 5 ; and we have the equation* 

1° X EF — X° X £ H, But 

E F— cc>rt L* and Ell==eot L, benee 
X 3 cot L- 1° cin L or 
X° mm COS L “ COt L mt sin J*, . . * * . . (a) 

That is to gay. 

The fecffitalfen o/ fA* MWiftsn# /nr a dfCcrcmv o/ carfrs a# ffce 

o/ the Iviitmie. 

(»o Sine© the slut- of the latitude Is tbo Inclination in (kciiuuh of a degree, for 
oik degree of longitude, if we multiply by 3000* we ahull Imre the inclination hi 
ceoonu* of arc. Then, if we divide tins by the number of milei in one degree of 
longitude on that latitude, wo shall have the inclination due to om mile on that 
pom 1 Ini. Thus, for 

Latitude 43* . , * * log, slim mm 5*833733 

Multiply by SSW ** * 3^«;iixi 

3JKJ0080 

Divide by = 1° long, on that L, log. ^ 1,704033 

48* .4(1 — * inclination for one mile of long. l.ft&IOJ 

IB. The wjv* of the JitcIMbm, u* found by t!ie preceding article. Is to show 
tlic surveyor huw much he must deflect a line oV «m-cv ftosn tlw? du>‘ east or writ, 
to tuivc It mem the puralkl ut a given distance from the 1 nit bit point of the survey,— 
for h win W remembered that a parallel of latitude is n cttrrt, having the cotangent 
of tlui latitude for iu radius. And the line due cast or west Is the tangent of I be 
ten-. * 

Thus, on latitude 43°, I wish to project u six-mile line for the southerly 
iJrv of a township. 

Kerne inhering that In an isosceles triangle, the angle aL the Is less than a 
JW 1 * angle hv hiif the of I deflect my lino fcfteftrtf# lltf poU by the 

mclihjttion due to fAw mde% — or in tills case 1SM<5 x 3*-^ ,iV Y f f. e, f i*yf*craSm*« 
h faettmtiem. 

t hi.) Table Ao. Iff, which was computed from the formula (a) Art* 37. fives the 
mchiurtfon for one mile, and for six miles cm any harallch Uroin 10® to 00® of latitude ; 
^ ' the Contwrpfncy for &ix miles, on any latitude. 



jttnry i,f th* Mfrfilian \* readily found for ;*nv given dloJ 
from (ha corr^ ponding liaclinntlm]* by multiply I m »r llxe *VVne of tfic im Unjiiiim 
the giv«0 diri'tiw, 

Thu*, for latitude 43°. the Inclination for OIK! itille U 4&Mt the elite of whWh 
Wit Tills, multiplied liv llic number of links in a inlle, which Yre t, a 


U:iy 


Mtom. 

mv^fgeiKjy for one iui!o.~ lis links. 

Mu tup lying tbU by tin* number of mile* In a township.— 36, nn«l wo have tf 
conTcrgency for n township ■= 07.0$ link*. In tills nutnitr were the convergent 
of table III computed* 

( 1 (b) uf JtUtoff&UH** from r,i*ri*]fau. The second column of tahl« 

shows the Hiirvcyor'hnw much hr must dettret the ruuge line* between the ^ vf 
section* of a towuddp from the meridian, flu order to ttiike the eoneecntlre mu^,, 
of m-tiuiis hi a township of uniform width* for tJmpiir|Hju> nf t J ifo-vi ing tin* 
of **eonvergency'* Jiitottir m<»tw*-*UTly rmigcof quarter peetion* agreeably to|P 

Thus, <iy between 45* (mil KF of latitude. the inclination 1% practically rfc 
every mite of railing ur wotting, Ttien. heating In miml that In tin* U.S., Ao n 
vry* MV regarded n« projected from the East, a ml South to the West and North: f 
surveyor mn-t project tln'.dof mitgc-fiac between tin* fectlous of a township in thin 
latitude*. V to the frjl of tkG mttmm. 

The accond* 2* ; tlw* tl*l ncl_ 3' $ and n> on to the illlh, which imirt be 5' to tli^ lef| 
of the tnerhltun on the un *kle of the township. 

By tills menu* sill the conveiyency of ihr township 1« thrown into the m/A, < 
westerly range of wTlimis, ;\n the law direct*. 

The fo-itrtli column of the above table shows the amount of this fftnwfwW 
rtOfl colotnn I* al«i us<*fnl lit iiitHllrtdfliic a block of territory aubraitil pytwe 
"ttmnhinl parallels* sitd two “guide uter&liuiuf' 1 Into townMdpV, Thus, starting’ 
me rid inn from n dnwhird jatmleL on latitude 43° N, fertile western bonmit rfaL 
a range of township,— *Jtr the flr*t one weilt from the guide meridian, — and running 
North, my 4 township*, the surveyor niuit make apomt that 1- of i ii<* , 

point on the northern “dimdimJ piraller i X (17.7 link* — 270-8 links. The second 
meridian should bill 8 X 4*7.7 links to the ri*jkt of the twelve-mile point, etc, 

(10,) TA# rarfaf/oa 'it the Yrcf fit, 'Hi is is easily determined by noting 1 lie 
reading of the needle when the solar transit telescope bis beou brought lmo tlc 
m oddium 


C\ L. Berber & Son h' Solar Attachment for mining 

Transitu. ■ 

Tht> Solar Attachment, designed lad (MtlDtld hy the firm, lUotnitcd OB pig* 
I&g, coupled 4 ot an equatorial adapter, an auxiliary telescope, and a striding k«*vL 
The equatorial adaptor made to fit to the upright pout, on mining transits 
with style I interchangeable auxiliary teleMOpc, where the auxiliary tdc?«H(pe 
ordinarily giN**. reeelve^ the auxiliary tehw4v*po and converts it Int*-* a wdar 
tdeacope, permitting it to move in the equatorial circle alu>ut a ptdar as^ 
and in the declination circle of thi* sun. The adujdcr oondtU of two plab* 
provide*! with leveling screws working against Opposing aprhiK* wbicb jpormlti ^ 
the polar nxt^ to tie adjmtttsd to the zenith when the main teteneofm l* h^el, 
audeom« 9 quctit 4 y to j«.*lnt to thn pul^ when the main beleneope Ik ele>atod tu 
the piano of the meridian to Internet tiio ecjuitoiial i'lndo. The lower plate d| 
the adapter een*wa qpoo the central vertical of the mining transit whb'h 
wu* origiiially dealguetl to carry the auxllhrry tdnco|ie when lifted iu? a t ( T 
telescope. The upper pint** of the adapter carrle* u hinall level and the iocImH 
which movea around the polar axl*. Thi* *^N-k«*i twrri«s an arm In which the 
deeliniition axbi can be made to revolve. 'Hie doeUnatlun nxin hna at one end S - 


threaded stud similar to those provided for the auxiliary teleaoojwf when u»edM 
a nbte or top u*ic*cope anti to which the auxiliary' telescope can In* (jcrowi^l. To 
do thla It I* only neeeswwiry to slightly rcleaec the Inner most nut from it« faaten- 
lug again*! th*? upright and then hy turning the deeilnatlcm avis by moanS of 
the outer millcd-i leaded ry'rew, the auxiliary, now the eolar, telescope can be 
securely fasten i*ti thereto. 







1 

JUi*l 


i use the (*<>lnir atuotunfit! sd9W the equatorial adapter upon the control ixwt* 
§ *V up ill** transit by moans of tho plate levels, and assuming that all Ut® iub 
J* 1 ! MlTjft0 | the transit and those of its motion in vertical plane I11T9 previously 
* , .rifled, attach the c<»Uii1cr|*dso and the auxiliary lehwopc lo their screw- 
ii ; already explained, bring the inalu tdtiMjop) level-bubble to the middle 
f 11 11 *« tube* when tho 7.cn» ot the vertical oirda slum hi coincide with that 
vt itt , vernier. Level up the equatorial adapter by revolving It, by moan* of 
jjf j 0 ,vl and the t wo milled- headed aerew* acting against the opposing spring* in 
*! i 01 vor plate provided fi>r that purpose, Tlti* 1* necessary in order to make 
tho polar axis truly at right angle* u* the Line of col notat ion of the main telescope. 
Tht^ Adjustment otm properly made need only be rv]*aUd for TCriflcatton of 
fdlustmcnt from time to time its deemed noenawy. The two teleecopee should 
placed in the Ntmo vortical plant? by bisecting with both (^lesetipjn some 
distant object. When the polar axis Is clamped. w*t off on the vertical circle 
thi* dwUpUon and refraction of the day and hour of ol**orvaUon ; bring the 
.unrilury tclteoope Into a nearly horizontal j ox I lion aud clamp the declination 
nxl* tightly to the upright by mews of the inner mllled-tiradod mil, previously 
i;ikln>: care tltai the stud li^tw^n the two opposing ocrow® shall be nearly in the 
itu ter. llaoe the striding level upon the auxiliary telescope and by mean a of 
tlie two opposing screw* plac© the bubble in the canter of it® tube and then re- 
n(.<ve it- The \\%o t®1e®oopoi now occupy a position with each other equal to 
!!„> liMinatioa and refraction of the day and hour of observation. Set the 
vertical circle lo correspond to the i^Ulitudt? of the place of olwcniiiitiD and the 
solar attachment is ready for work. 

The wire arrangement Lu the auxiliary totewojie i& a e^nar# somewhat *u .utter 
than tin* dish of the sun which is OhiMrmtod in diaphragm 1) on page 168. Tin* 
outer wires forming 11 m* square are eijut-dJBtant from the horizon! *1 and vertical 
cent ml w ire* and jarallet thereto. They are very coarse to distinguish them from 
the wire* marking the line of will m* Hon of the tcloecopa, to avoid mistake* on 
the ]Kid of theotmervar when the auxiliary bddScOpe In used in tire mine. 

The striding Level will prove a valuable adjunct for the suiting of iho auxiliary 
t®Ifs<?o|i* when natal as a side tdttCOpt to read the same level lino n* the main 


HJaaoope, 

The equatorial adapter being in satit made of aluminum and of hmw t weigh* 
only nine ounces, the muha ooimtecpolxs u*ed for the auxiliary tcleacope may also 
be used for the equatorial adapter by the exercise of proper care. 

The observation* with this solar attachment ero exceedingly simple to make. 
The ei^tniorial adaptor raising the auxiliary telescope wmddemhlv Above the vee 
tlcal circle, otmcrv* lions can frequently he made, lr desired. without the use of a 
junm. bv simply screwing the colored glass furnished with the Instrument upon 
lire eye- piece. 

The observer should *et the tripod firmly, giving the legs an unusually wide 
Spread- 


Observation iVir Meridian with the Berger Solar 

Attachment* 

VViUiun fnr ihi* eat* logue b f CiUo. L. ]9 m**U« # In.tiiuie <if Ttvfcwikigy. 

CALCULATION. 

Before loginning the observations the following computailona must Ik- made. 
I J l kc from the Nautical Almanac (table II. for the month) the suti # H apparent 
d^ dniilkMir for Greenwich M-c^n N\*eu of the date of the observation. If It is 
north prefix « -r Mgo* if south, a — sign, 2. On the* eante line, in tho next 

txilumn to the right is inference for one hour,*' with the protw algebraic 

sign befora H- 3. The ioenl Hum* <x>m*t*|>o!iiling lo Green wleb Mean ifoon may be 
found by Subtracting the w»st longitude of the plac<* " frorii 19h» M 0,g. al the Tfth 
meHdlan. This w^rnld give 7b at the 90th* dh A.il* ^ cte. 4* Next eoitt* 

pule the declination for i*aeh hour by adding algebraically the **dWlaiWco for 1 h ” 
lo the d*vHna tlou fur tho preceding hour, 5. Next correct each of the«*e deeliua- 


Ilona tor refraction, u-iug ihe tabW g.vru in Hit* catalogue, or uadi n* nr* yu 
.1 it Jiibtuwnf* work on n«iTr.ylug. rar.*fiil aiteiitkm Mtmiihl 1«* 

ftigns. 

will tor the rffMQi Hint the Infltuilo b* known, and nriKeed in »i I 

'loM'rfptkxi of the 

FIELD OFERATI 0 NR 

I* Layoff mi the vertical ate the declination scitlfig for the time of oh» 


Upping the totaftcope In Midi n direction that the small telescope will point 
i>r below tho iMjmuor ucci aiding a* the declination 1* X, or 8. 2> Level f he 
tetcKcojio by me&Bn of the utrtding level, mnl then damp it, A. Next change %Sm 
.4 the vertical circle w* that it read* the of theidiu r«f^h 

both tin? horlxoatal and Urn eqimpirtnl tootloii*, point the small tde&eogk- m t ^| 

■'■'•' .•••. i . ■ - , ■ l i i .( : „| f . 

WOpe (h now in tin? meridian. Tr* Iw? certain that the selling* arc correct wait an 
fo* moments and w** if the 4^ follow * the equatorial wire* perfectly. iloths 
plate* should t#o damped while the Image in In the center of the flehh 'The IJeri 
may then be brought down to the go-und and marked. 


EXAMINE OF COMFCTATION. 


Long. 3b, W*-M. f Lax, + 40 . Jan, H>, lftOo, 
Ikd for Gr Mean Noon — — 21 gir 01 r 4 
Dim for Hi, + ffi!VA>. 
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The Platitude may be found by uiefuMirmg ih*' altitude of the sun’* towvr 
limb at BOOS* 1,0. by measuring the maximum altitude. This angle mmt Ik* <oS 
riM't^l tor refraction, Hcmbdiametrr ami dneUmtllon. The result i* the i'odutliudtv J 
The co-latitude may nk> in? foil ud, very nearly, m follow*: Make the angle Ik*- 
tween the teleattipm* equal U) the d rail nation hitting at mum In thermo way as hir 
any other hour Hr lug the tele#cojH>* into tho same vertical plane, ami point the 
*matl tctaKOf* at Ity varying the ohnnlkm angle of the main teiceonfWi 

keep the small telescope pointing at the ana until a maximum elevation In reached, 
Thiti angle Ik (ho cola U tilde, alrisidy corrected for refraction, semi-diameter oad 
dor 1 1 nation, Thia method in not qulti* *» accurate ns the former. 


A TEST, 

Tin? following observations uo ro made by the writer with the Berger iSotor-l 
Attachment, The platen were clamped ut zero degrees and the meridian found by 
Solar obeervathm. An angle was thru turned Id a nmrk \( mile an ay , Thi* w- 
4* ii Its an? ns folhovs : — 
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Clouife |>r>*vnjjiHi further obaervatlons. 

The true azimuth n» found u/Wim/if by Hii ^baervatioit on Polaris vnn tiif OB^ 


Table I. 


Menu Infraction of Celestial Object* for Temperature r»<X>, 
ami Prevail re lilHI lueiiea. 
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Correction to the Mean Refraction triven hi the 
pm'fdim: Table, 
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KXAHrtfC L 

^rrmt U tU« cortwt ion far rrfnirtlort far an nUituiJo of g* 5\ lhe tltmnouicU** 
l^midUuC it WKf* and the barometer lit SINT* Inrhe*? 


Answer (by Inspection) . * • < . . . . t' JJ': 

and &•**&*** 

Apparent altitinlo . - . * y 

# Iteftacflon * , , , * , •• — ft $V r 

True altitude 1 .. . * . . 7 5$ 3A 


£mn,E it. 


VThat 1& tho correction for refraction for the Mina altitude, tltfl tWnnofiketef 
touulUitf st 44° arid tiic boiXHuMit at &M3 Indies? 


Thmikiiiwl^r correction far altitude 8^5' »• 

Barotoeter ditto 

Correction for Wh t« * . * * . . = 

Mean llefrurt Ion . . , . . . s 

,\True refraction «# . * .. «* 

Apparent Attitude 

1'iuij rcfraetkiii ,« , * ^ 

True altitude 
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Table II. 

< iH^lirirnth ritimvin*»C tllC Jiff cotit* of Refraction to lie n]kplicHl 
to tin? Son’s Declination. 
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Tiihle ITT, 

Inclination and Convergency of tiie Meridian*. 
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V<ir Uii? oounrunlou ami ti&e of the above table, ece nitfalH# (13,) r 140 (15.) 
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< j f ilnailK of Instrutitfotl til t\fL CSotvmnii'tit Surreyln^ Hiwm 1 3y*tccn 
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To Ftncl the Mondiaii from * l Potarb. w 

The north star, Polar!*, being ©UI Of tho polo of tin' oqmtor, t* In tb© meridian k « 
Jei a wlelLar day — once above and oacc below the polo — culled the upper si-irf 
lower transit*, oroulmioiUloti^ 

It also at It* ©xttvme dl&tmtoe, awt and wa*t # twice In & Stellar day, jV iH*0 
gmtont oii*t or west. 

At the time at a culm liiatlon, it would l*r only nece^nary to get the btmring of Um 
tifnr to ha vo flic \>h%ev of the true mnr idijui. Hut thia would r^juire an »*xnct Icooul 
of the time* on dement not u*juiliy poct K s uOQ d by survey on*. Moreover. tho 
observation mu-4 bo muda with certainty * at the instant, which la not always irni^tL, 
cable. On IMs account* this tn«ih<i*| \h not in favor with aorvoyom. 

At HongaUon, the upfuircnt motion of tho ntar 1* Liuigcnt to the veftlert, aj>i 
therefore, for a fow minute with regard t© azimuth, tt apfiwtr* to 84a* id still, thereby 
affording ampin time for deliberate observation. 

Tbi* dlai&no* of this otar from tbn pole— railed It* polar distance, was l 9 Wl&* 
on January l* IHb&, wul U diminishing at the rate of about lfMW* per year, when** 
it* a Mane* In Fcvlbnlug veiirx may in* known, 4 

The azimuth of the *tar, corresi tending to any polar distance, t* variable with the 
latitude, Hms, on observer at the eqiodor would this star — my at 
woagatloo in tbn horizon, ami m tho dbtanoff of 1* Iff 10" to the right of On? sh>4«l 
or true nierJiltun. 

If new tho observer should go north, the axtmutli of the etar would Iricrcu&e with 
im altitude, tut ho abouhl arrive at a (atltftde equal to the complement of the i*i\m 
distance, wbcti it would be N. W K. Eel tent tbeao limit*, the bearing of the star, 
at fMmgailon from the jnjIc. would v*f¥ttecftrtilitgl« the following eiimllon, In which 
/m = ttuy azimuth, or Lh wring : 

„ *in PoUr I >1 stance 
OOallMt Lai Undo 

As the telescope of the surveyor'* irnneit b not uouulty of tniffieiimt power to show ' 
thn *iar In the daytime, tho otoforvation must be mad* at nighty In which ease the 
oroes-wUus of the ickwjp© must be (Humiliated by light reflected Into the tube, A 
Ideeo of *tlff while jxipcr, with an oiwtnng large enough to admit of #©olug Uie *ta£ 
llitxiugh II* and held obliquely In front of Ifeo tatotcopn will make a good reflector, 

A* generally but one of the dongntioua can la? seen ixt the aanie night* it b im* 
portant to know, which one l* observed. Also the latitude miat !»■ known, at l«wt 
appfoiimatoly. 

The polo U nrarly In line betwc^ Hdonw and the ntar AfitdA, which \* the lint 
atar In tin? handle Of the /hpjwr, reckoning from the bowl, ao that whan tluvo two 

«ara tire In a line, nearly horijeontal, an-1 the Dljifatr la J of the jjoIo, PoUriH Jit 
at Iil8 greatest elongation J- 

In 'iightlng to the amr, the observer mwi he careful to keep hi* tmualt 1^'d 
trunevt-rHidy, for the *tar h a<> high that laaUentifm to thU might Introduce a «srl<m 
error Into the rroulUng ajimuili. 

AttaU^Swtoty eight Imrlng Iwh^i obtained, lb* totaoope ehotikl be brought doOfl 
to flx a mark on the ground, at a dtalaoe* of 3DJ to 400 v'arda from Ihn lnui*lt. 

Thu mark should la* aomo thing clear and dcflulte. like a mill mt In a hub, driven 
liito the ground, which tuay be located by mt-no of a plummet himii or by mcaiia 
of n roimniMi lump in a Itox. luivlnjf n vertical ,lli In tun- Hide or ww I or 1 an Inch in 
-■hk'kin ,*. with a plumb-line euspemled l^.m the tdluimd nuuilmtlattil by ;in 
aeehttavit. 

The direction of the star being ei llii factor! !y marked, compute the azimuth tram 

Hie aiaire ^nation, and mj t the rMtlUng angle off to thr & ht \ot the marfcifor 
western i . t( wft \ 

eaatero i*™***- 

It meiy happen, that the rf^uUlng azimuth may have an odd number of HecondB 
or fractioit or a minute, not convenient to he set oft with a vernier graduated to 

«Ik S * Uw * th, * , ei klj lrt fri aTr ™J*4. I U lie a«« jBiiiai w agi^ tton *>'* ifl 
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unit**- i„ thU case, tin it ihc dlstAACt care folly between Ike transit and the 
lu i,Vii|ily clil^. distance by the tangent of the azimuth. ThU result Mt off 

lljar right * for w *‘* 1f ’ ru i elongation, will petal out the place of the true meridian* 
to left | S**™ I 


Meridian from Equal Altitudes of the Son* 

if iJr* sun, like the atari*, wet* atatlonary, with regard to decHuaUoo* tbo inert- 

w iU jii be found bv simply bt*i*&ctl(fcg tl&e angle between the bearing* of tilt *uu, 
“TfL® consecutive equal altitude*, nt forenoon awl afternoon. Hot the declination 
f:^*iauilr dunging. so that a rvdurtfon i* required, before meridian ran S>e found 
Ihvflj the daily innmm of the »«jii. 4 , . * 

Tl* sun la* going north in dvcHnaltou for *1x month* In the year, or from the 
Ttlnu r ^ofcdce, in Ifet*M&er, to the s«»mcr solstice, In Junt* Hiul during the next 
' moiiili*. from Jm\* to fkurrm&n, lie is jfolug aoiriA. 

+ \ ruble accompanying this* paper piYet* the hourly motion of tlw tain in Mlm- 
tJr.® for every Uflb day il) the year, from which the change of declination, between 

consecutive equal altitude*. may I* readily computed, 

To an oberrer, in north latitude, when the an it b go lux* I^V i,u ti " * n nation, 
the meridian* deduced. from the bisection of the angle between two consecutive 
f 1 j- 4 nl aUltndeo, w mild he lolhi* ^ ,lt ^of it* true place. 

The amount of error depend* on the hourly rate of chalice of dec Una t ton, the 
time elapsed between the epoch* of equal altitude, and the latitude. 

By multiplying the time efopefd. In hour*, by the corresponding hourly rate of 
Change. we have the change of declination during the time between the two equal 
altitude* of the aum But dccUiuttloii is measured In n direct tan parallel with the 
eanir- which makes* an angle with the horizon equal to the Inti tude- Whence, 
tk< dtansm *f d 4 cii notion mint' l*t muttiptM fry tht area a I of tkr htiitmU in order lis 
Oral it* value, in* ween tn azimuth hi the horizon* 

Again, the afternoon observation will not generally be made, when the won is 
due wi st, but to the sooth of west, by an angle equal to half the * implement ortho 
angle between the twn points of equal altitude. Whence, the above corrected 
change ofdecHmitioo must he multiplied by tbe co*Ine of half tlwr aapplcmcitt »r the 
*ugh alxive mentioned. The cStct oflhb correction will be to reduce the corrected 
dec 1 1 rat too by from about 4 to h per rent,, so that ihe formality of this calculation 
may be dispensed with, or umy be omitted entirely, a* only half of It affect* the 
place of the meridian. 

From the foregoing eons hie rat Ion*, we bore the following routine <if work for 
finding meridian with a surveyor 5 transit : 

1 1 1 Having set up the Instrument and leveled It carefully, take a sight oh mhhc 
O bject, prefouibly to the left of the aim — the plate vender reading icrc* for an 
azimuth mark, and chimp lAr p/rff* jit-tuly to ffr* qrfaiite. 

1?. Having set the idc*«ipf to a convenient angle of altitude, aloft* that of ihc 
sun. follow the sun In axtamth by Urn ttpfwr motion of the Instrument, keeping the 
vertical wire of the telescope bisecting llie sun. by mean* of the plate tangent* till 
the . m 1 * lower limb |r>«cA*s th* horizontal mrr of fkt trU+rop* . < lum |», anil aoic th* 
rc'irn VJ j * ,ftht tvnr frr, keeping the telescope* also, carefully damped In altitude, UUd 
noff r ftc tim* o/ifoy. 

i lu the afternoon, turn the telescope, and td-scct the son's disc, as in tiie 
taortilqg T with the vertical wire, and when the sun * lower limb comes down to the 
borlxoTital wire, clamp (he horliohtot UfA* /V rvadfop vftAe wn(€f t and tho 

itmt tft&fi rfiry, 

1 4 , From the tnbk* of the hourly change of declination taka out the rate for the 
day of the mouth, ami multiply the same by the time lit hours between the times of 
equal altitude, and by the ^aui of the latitude, or if there are no secant* at hand, 
divide by the costae of the latitude. This last result, diminished by about & per 
Cent, of itself, as above explained, will be the corrccffon to !» applied to the last 
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p1fttf-r««<llii S . before finding Uie apple between (lie 1 waring of forenoon 
aflcrnuou oberv«Ljow. ^ 

i&.) If the nm is poins ' In declination, this correction must be 5 'f ! >r * ct «4j 

} the plate-rending of d.e "ait oWnadon, ^ 1 

rijL*D» half ttio dllttfliOfl bdtntco thl* corrected pLito*(v*dhig and the fim mail 
iijg. i# ute angle U> be rcloif to the fight Tixim the bearing of the 11 m« altitude Ibr 
ibe i>luot> of the meridian* WT 


Example. 

im? ofobaarvaltaa, April 10 , Ul i a* N\ 
rittte residing at fir*t ail Unde f U* 9ST i right of m&rkU 
ii .a ** u^yniJ *■ IIO 1 ' 13 , 

Tim* betiwn observed altitude*, oj hours. 

Iloorly rate of change of declination table b fid". 

Total change of declination north -1){ X fid" = * 53™, 

Multiplied by recant of latitude ti' 52" X 1-307 = 12" 12". . 

Thbn iri2% lathe itmotai by which the change of declination changea i V 
*uq s place In axiimttUi and U rawactfiy, because the awn ta going north* iv L moi> 
U# v IS' -A* 12 J2 '— # 

— ^ & hi lj r 24 t-thc angle between the hearing of the 

Gr*t altitude and the meridian. On from Un> assumed azimuth mark* the m-.-hj 
would be 64 c 17" 24" + 13* ST £= #<F 43' $r. It 1* U*t to IW The double sign ~p Us- 
foro tho COmM'tiwm of the bud pliUivuniillii^, In order to avoid tufainlce*. 

A a * DnvU 1 8c(w«) t lv or a prism -nttaebm wit* to the tcloeoopo will add graHly to 
the facility of making Observations 

Vith good appliance*), Ilf la method of finding meridian will bo found verv oflldont 
nnd wUUfactoj>' ^ Indeed, one of the best In wm. The computation* are few nod 
hjmphv Moreover, the ranking angle for the place of the meridian l* affected by 
™if of any uncertainly in the correction for change of dcellnatkin, Tbi 

greatest objection to thte method is the amount of time required, 


Hourly Motion of the Hun in De€l I nation. 
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Transit Solar At fc&chiueiit. 

r*r nnaiir NvtMIii or Mh*t ll*#t hj Ik 'mi, 


jf T j„ f F , f.w |Kj* c*:ikfci»t *iih tpeeili rtfcieu* u* tk* «nhit c4 PoUk Ijjui SunvfQr*, liv bvth imnon ami 

miBvnl U*-k j, U, Aiiltwl IVhJmaw U Cwil K**ih;wrb*, 

Utwmiiystf Mkfeh*fi. 

I, Rgnaarlv* The attachment herein referred to I* the Davie iwd Berger 
j^Jur scroll* prism, it ud colored chad* gb** f used ftir direct gofer observation* 
Thr-e Inventions hitve I wen devised by the Mr. Beqpw, of the firm of C. L. Bergen 
A Son-, and by the writer. They are rimply for the purpose of enabling 
to make an observation dimply upon the sun's centre. Thte observation being 
$eeur©d by wading* of the horizontal and vertical circle*. la minced so as to 
rive the direction of t\w line of sight of the transit at the instant of the observa- 
tion* Thus knowing the direction of Hie line of sight at a given Instant li become* 
simply nwemry to turn oir the angle which till* Hut* of sight makes with thr 
uaenrfmu* to iiaoeitaln the j»i*hion of the m*ridUn. This angle Is what fa obtained 
bv mincing the observation, nu§ above mentioned. A brief reference to the history 
,>f tbe«edevloc« win b <r& c’/plairi them. It occurred lotla writer tosee If un imium 
of the sun could be formed behind the oye*pl*ce of a u*k$cope at the same time 
an inauM of the cross-wire* was, and the latter image he made to quarter the 
former, to allowing the atm to shine Into the object end of the teleacopeand tbenee 
dim through k, The experiment was made bv bidding a piece of white patter 
heir iml the eyefteca, and adjusting the fecii* of'tlio eyepiece mid object glassi 
The very first trial was readily »ittcr«ftiL The next thing w«* to gee if tbe poai- 
tkm of i hr Instrument could be located by Ibh moans a* near at the circle* would 
Hie same simple means It was soon found (hat a motion given t<> the 
tel^eope by either tangent screw might be so slight ihal the rye could not detect 
wnpoii like circles hut evidence of k w ould hr apparent in the position of t ho linage* 
witii reference to each other. This fact at once settled the question of whether 
rhU would W n snftklciitly delicate inruns of observation. It showed thut the 
ob m- nations would Ik* closer than tin* circle* would foul. After some trials and 
80 J 1 ' 1 monthi rest these fSiigs were brought to the notice of others, and finally were 
MibmUtHl m Mr. Berger for hi* opinion. He made a screen which the writer 
exhibits! at the tir-t annual convention of tin? a^ftocintlon of Michigan Engineer* 
!if>rS Surveyors at Ionising. The matter was further studied bv Mr. Berger The 
Km. n was much Improved* ami I be mechanical construction of k brought to 
JJ 1 ' ^ntlird of the work Amo by ihU llrm. Mr. Berger soon conceived the 
li ' ?* l,5 f" Jt S tile screen of ground white glass In ft brass frame, as shown in 
"*V l and L\ so one might otorv* the position of the image* dlrocti) upon Su 
ai’l thus sec q re not only the comfort *>T an easy posit Ion In obfl&rviog. but the 
Jr^* Wmt aooojnpanying nccuracy. Tim arm of attachment was iwrfr<?tcd from 
in 1 " n° % ' m ** The *«v*n of ground glass is mounted upon an arm that admits of 
Jr 1 of position, ami b so attached to the side of the telescope tube thut 

" tin be turned up wit of the way when not needed. The reflecting prism 
S 1 be screwed on to the eyepiece cap for observing at high altitude*. TfoS also fa 
agUKtabfe ^O a* to look iu uny dv*lr*t direction from the* telescope tub*. The 
uLagoriril eyepiece also hav Its movable colored shade glass n« above stated With 
* u ' s *' “tifeluuent* obeervatio ns on the sun at all altUiule^ may !«■ made in two 
r?? 8 ' n > inking dtwth nr it through the simple colored gliis* for Uw altitoiles 
through the prism and Its shade glass for high altitudes. The other war Is to 
ry ‘Hve on the screen the Images of tiw erng^w ires and the sun ami make the Image 
OI tbi* cros#-w1h>s fuss quarter the image of the sun bv means of the slow motion 
Krews to tin? circles of the Instrument, For this method the colored shade glasses 

not 10 Ultwl vv *^ tills complete outfit on* may work whichever way teams 


Lhivta’ Patent Solar Attachment* 




ttu ^ device* tire being tnnra mid more perfected, and vrill he protect'd bv letter* 
pt- ;itr ««1 Mtten* C I-. Barger A Sou* make and mil them exclimlvely, 
g, Remark*. Certain precaution* arc necessary in the use or thi* method 
<jflUidi»g *lhi mn? direction of a Hue an well it* In atiy other* It Is not wise to 
obn-i'vi? tin? atlKt« read the circle* * noM down the readings and leave th * instrument 
tliere whili* making the reduction*. It wilt gel om of place In «om« way, 
¥ rrv Ukdjr* Therefore, an soon an the observation in completed ami the readings 
of flie circles luiUd. act the lino of fight on »m« fixed point and read Uk? plate 
Again. nminjf thi* reading* Of course the two plate reading# vrill give the liori*on~ 
nil angl* fro111 **"' * llu to the lino. This will enable tin? observer, aftc r 11 inline tin? 
jj ration nf the title of sight when scion ihe tun, to readily ascertain it* direction 
:n «t on the fixed mailt referred SO, thus determining ihedlrwtUm oftlie line from 
the point over which the Instrument Ism loth® Axed point. ThU line may h« 
oboist before beginning the observation, and become the rthfuiee line for the 
irorl in hand. 

:L Remarks, For the purpose* of reduction tin* proerss by equation* I* 
ij*,d iii4ti-.nl of one by rule*. The Introduction of symbol* and sign* 1* a much 
simpler mutter thuii many suppose, it h nothing but tbU. We agree that a char- 
acter *d some sort or other ahull represent a certain thing and nothing eUc, 
Wluria vrr ihU character occur*, then? fore. It simply menus the thing \>e have set 
it for. That Ss all there Is of symbolical representation. These very words h on? 
printed are all symbolic. The method 1* nulversal. W’e here, ns cl sew bore in 
algebraic imeMv*, make a special application of It, The rules for a ea«e of this 
kind would bo very cumbersome and give the user far more trouble than will Ur 
mv ^nry for mustering the few equations given below. The record of the pro- 
^ ^ hereby minced to a ftw Hues, and OHO has not to go searching through a 
page for a point here and there, hut places ids eve at one*? iiikin what he wants, 
when *11 will \m* found in a compact form. Of course one need* to read each wort! 
and each sign. Nothing must Iw- slurred over or mused. Tim record n* set fort h 
below U exact, complete ami reliable, 

I, Remarks. All eoapstathtu should too thoroughly checked, and check 
equation* and device* are given. Tbefo should always be applied I, without fail, as 
no one cun implicitly trust a computation by n tingle process, iJureiK-atcd, even if 
simple. No one should who h a surveyor or engineer. Sere ml checks are given. 
Oui‘ ttAfd U sittHHcfit, usually. If one dUtni'i* the cheek because It shows the 
work to he wrong. It may he of siune satisfaction to use another or more tlum one, 
Renwirks, The dfrrctfom* prepared below arc intended for use, word bv 
wer<l, and step by step. It 1* hoped that they will prove in convenient form for 
ulJ1 * s * Htart to olivet the effort* of ill* observer in Ills first uao of these attach' 
ne 'irs .md thb method, Therefore, It is thought that otic tnav safely do a* told, 
mKhiig the next step to the next statement. They have beea prepared with this 

talng tile ScrrcD. 

*t Directions. Sot the Instrument so the tun can shine In at the object ejwl 
ur the cckccoiw. and directly through it. Run out the eyepiece and adjust tlw 
jrriM>u behind It, by it* sliding arm, *n> tlnat a distinct image of the cross- wires can 
i * ' tbo screen w ktifti the lighted spot made by the shining aim, as shown 

1 ! 1 ^ ** „ Set 1 h * *1**® so as to clearly deilric the imuge of the sun on the 

:! n ' rn * Hepeut these trials, and adjust the parts of the telescope and Screen so 
\ , ****** both the cro*s. wires and the sun will he obtained that 

in-' telescope will give. Mark the slide on the ami of the screen and the eyepiece, 
so lOcy can he easily act thereafter for an observation, 

*. Remarks. The rye-pte©e, w hen all U hi exact nostiion, will too found to 
wconalderably farther out than for an ordinary »1ght. The markiug of the sliding 
^tn ami evisplcco will save time in the future. These trials, when made with a 
should be conducted at leisure and wit It extra earn for the purpose 
• appnmtua carefully to the tdcacope. A ft W trials may Im needed at 
i the observer to rccogni/e the 1m**i dednltiou of the Images, v 

. 1 nm solar screen Is especially adapted to Inc ordinary surveyors* mat engineers 1 z 

^ 4 1 1 tdtteojMt, with erecting eyepieces, ft U im>C adapted to toe used with Invert- 


jng or n*uoji<Knkal telescopes* imlea* 4iujrtnjc an ivbwTVAiinii the aperture of 
olljeclivc La cut down to 1 inch diameter, by ijiQUB of adJifbrnpa piaced Its fruot , 
it, when the imago can l>r MU as sharply defined a* thoie of the meting tcl^ * 
or the observation* mu*! bo mads with the lbad« j:1a**e* and re fleet! or priam a..jn$\ 

7* Using the Colored shade Glass* 

<#* Diroctioua, Attach tin? eolom! |l:i^ show u Ui Ag. 4, to Ute cy 
to shield th* 4 i?vt from tin* sun and Wok directly at it, selling the enjs*-wfrea - » 
to quarter it. 

6. HeniurkN. Till* will I** found enHialj -atlsfactorv when the annValtb 
tilde b no low ii?* to enable tin* observer to bring hit ejrc 111 appgxItkMi with the * f y t \ 
piece of the tol^eopr with case* 

m* 1'sittg tlu< Diagonal Kyt^tiiece* 

«* Directions. Screw on the pram, a* shown hi tig. ,% to the eikl of ij|* 
common ni>]>iwc IxH>k directly ill rough the gtuuto-gla**, If observing in t;m 
way, larking i ho |it'imh **il her way uo at to make It convenient to look into It M 
any trouble iM*X[jerkii(iM! in finding the mid with it. let the min llrst shine through 
tiie iclwcosw*, the colored shade-gGie* being turited ttddc, till tin* brilliant Hgh| 
perceived la the aperture of this «yc-pfcoe ihoiri the telescope to be rightly 
directed, Cover the aperture with it* shuilc-glus* and proceed. 

Ik Remarks, By attaching the reflecting prism to the cyo*plece of the telJ 
scope, t he light h reflected at right angle* to the the line of tight of the tcWcopS 
ami it thus becomes what Is termed a diagonal rve-pWe* 

T1>U prtim can lx* Died for direct observation when the altitude of the *m it 
too great to allow the eve to be applied difwetlp to the cyo-pfecft of the 
and not so great u* to bring the. eye-plec* too fur over the plat*', but through th|g 
range of nil it tulcithc co la r screen Can be used without the prism, a* »how n In Jig, % 
and it will usually be found ml v until goon* to do 10 , 

Since tin 1 prism hi effec t withdraw* the eye about half an Inch further IVom the 
eyepiece of the telescope than It* natlinl poulton, that bebig about the dhtauee 
tfiverwd by the light in panning through the prism, the high magnifying power 
Urted in C. L. Berger 4t Seme* t n*n»ii te)e«cop«* make* the uee of the reflecting 
prism for dfivd e^^atiuii a little awkward, and it will usually be found mure 
e* tie he lory whea lining the prism to iiw the **oUr screen with It. 


IK lining (he Beflocting Prism and Solar Screen combined* 

n* Directions- Attach the prism, and direct iImj telescope as Ju 8, Thru, 
leaving the aperture of the priMii uneovitd, adjust the solar screen so os to mt’in* 
the Image* of the sun and llte cro**~ wires. a* shown in tig. 1 . 

I*. Remark n. F<ir oh-ervlng the ana at high altitude* it will be found dial in 
this, otherwise mn*t ilifllcnlL of ail jKisitioiis, the use of the solar screen combin'd 
with the prism will enable the engineer to make Ids observation with the gmiteit 
case ami pmcltim. 

lO* M liking tlie Observation*. 

<i. Directions. Wrect the iclrecope to ibe ran, mid by mean* of the Mow 
motion screws, cattle the Image of the erou^wlrfi to exactly quarter the m«ui*s iiuags^ 
Head both circles and necorathe readings. Refer the podlbn of the instnimem \o 
aome fixed Hue, and once, o/trr tin* alxtre work, by another plate reading, A1m> 
note and record the exact instant of lime of the obastvacloti by the watch, 

6* Rotnnrks. Till* observation with the watch mav he n*ed ad hereafter 
Indicated u> simplify am) lessen the amount of work In making the mluctkms. A 
fair watch of ordinary accuracy It suflklcut. The eulArc work can be carried oo 
wltlKKU a watch at fill* blit it take* some more figuring, 

1 1. Vt*v tif flu* Nuutleiil Almanac. 

«* Romarks. In order to u*e (lie ohservatloua. made as above directed it 
is iifccuary to flud the bun** apparent declination for the time of olmcrvatioin 
This Is done a* directed below. 

6, Conditions. I-*! ail the nlgebmlc Higm* be carefully observed throughont 
t’le work. Ufo the watch time. 
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Directions* 8mCM&ppawtMiktllMmtton t Look in the table 

,4 w iMmrn Erb- mefb ngui »>t the dale of the oWrviukm. and take out 

,he Mlowhig ouantltfea* Flint* Ut* mtk'a apparent declination, wit fa it* pUhk-L 
w bni N--“ whttl ™“ U * Second, th? hourly change, with Its algo, 

fron. M" * >^P otherwise* Uu* dHtm-ncr la louidiudc 

f h ‘ pbceof observation smd Wi^hingiou, us i w*r h* one-half b 5 ir, 0 C 
aev«n *' ld °5£P ,r W|?r 8 ' ™* u + When W. and — when K. of Wiuddnrtoo 
%ilii ** tfrt* difference oflmigitudc the time of the ob^rvathm from noon this ibic 
t*J»£ w*>™ lliL ' V m A 1V ' Miii — nhm E - ofth * ntwldiam Multiply the hourly 

chains by 1,1 8 **««• “ A ' J,Tn< ‘ ttownr alt the signs* Apply tlib mdiacL tcj&mllii* 
the fiiina a p pa rent decllmitlott iu taken, fWitn the tabic* for thrum 7 * 
ap]«irfi>i declination at the lime of the observation* 

d. Example. Hat.?. 1SS1 — « — n. Hoar, ift— 36«— SK a.m. Longitude 
about 40 minutes Em of 'Washington, considered hi time* 

©** apparent deeliiutlovt. 1891 — C 14* 

Washington iim*iiii noon, 4* S3 1 LH' }&* 

Hourly motion. 7 * 

I ime of observation from noon, — 3 hour* 'M minutes, shorn. 

Longitude K**t of Wudiingttm, — 10 minutes. 

Tot a I time of co rreet Ion , —3 hour* ID n 1 i nutta. ~~3J4 I tour*. 

Amount of eorreettofi — ? x 7^ - — 2i!4* 

QH apparent declination fhmi table* 4- il ; |g' \:r 

Q\ apparent declination ui time of observation, + J®* 1 T~ W p nearly. 

12. K^luoliig Ohsc-rvittioit*. 

u> Conditions* Ui * «■ the sun** altitude, a* observed, 

]*rt '** e> htitialo oflllt plte<i of ^MHTtltlon. 

fctI - * * ,V ct * r mn '* apparent dccllnatiau at the time of ob»er- 

Vitlou* found as above directed* uullcr 

D* z -- the atinli observed zenit h distune*-. 

1**1 z a the > n ns true zenith distance, a I way* 4 . 

5 jH k and F to two auxiliary angle* iim* 1 in the reductions. 

. l+ ^ rV* fh " “ ltll 3*5« f Mn* of bight of the hi*mmu-nr ut the Instant of the 
s5i& tjw - n • 1,01,11 ° r the k. or w. « 

L. t f — thf euu'fl i|)|iamic hour augln at the Htne of the obeervation. Hist U th*. 
apparrm llnte from aMMront noon plus the change In tlir- * un ’* iuc^ii.'.Ioh 

^ Tz u :t'z n i:u' iUv ' i, r ° r th - *. -PWSwiS 

Ij i P y- sii aiixlllorv angle iisod in m>iim> of tin- reduction*, 
l -t all eign* be lalthfully regardwl. l.ct logaHthm* tx- ii*-d. 

* Dlroctiona. Fo r finding t fivm z'. C«c the following eqnntlona. 

f + W tan y , 

e ■ Directions. J>orjhi4i*y V *rh*n 4 ei^f - arf ^Wn. 

KSrnl Util (^— IO-=C 0 C % (04*^) tmi % {*-*#) rot z 

When 0<il and of the *&m* name Hud i*— * / z ?4 f|- jt^) 

WJh*h ^>4 and of the stmo name (k J V) 

wii^n pandJ bavedJflerent numes ilndX'z-^ # 

Then Hud A from Cos Ass tan k tan o or tatt Jf tan ^ * * * 


m 

(i) 


Checks. 

When (4} U m**l 


C3> 

(« 

(5) 

(fl) 

(D 


iliil p 
>ill . 


con 1 


•Sin 0 Sin ^ 
or *- — n 

CO* A” VOKJ 


r* cot* A 


<8> 

C»? 


78 


VVh*n (i) or (0) U uml * : 


CO* k 
g I 

COS * 


Sin o Sin ^ 

or i5SI'~5«i“ < *’ a * * * 

Wild Sin p — slu A wh o . , 

Sin p ami cos j> nrt nt tho uruc place in tin- table. 
d. Example. <» — J2 5 1C' 30' X- * =WT J.T ,w' 
<i - IS 3 13' 2t>* N. - — -JK? 2V Ji' 
• +'ii a «l-'3U W 

s' nr 

#(♦+*)' aru' M' 

4).*ir i'sa* 


Oirck#. 


(VOj 

die 

a:j 


Cot S4(^ + <*> =* o.imiiss run * swears, sin * ^ 

ftABWO — Taiftt 1 Co*i - SUKmofW Bin a 

Cot H si 0 .:hms:k3 —Cm A -t*‘jn*l2|& t on p pks&iftwu Sin n — ft 

Tin J4 (*— JF )— oSSfftSw 4 — * - — * 

At Stiirn? pluct ii iibliul 


au 

j4(4— 

* a^ati°ar -w* 


-wr 15 2±rA 
Sin? 
Slu <’ 


miltt 


Os F - 
Cos i- * , 


■*. ,f <mm 
'.•.wmS 


*■— — .nr yno* 
* = Ctf* 45' 30" 


v, ssttsm 




t\ Remarks. Look out Ian ?. con f. anil Ma at one search. t ‘se either cheek 
is may be preferred* ThU operation need tot be performed otflerter than rh* 
Demind* oftii* work mjulrv, the plate being used mean time. 


L'k Remarks 

The observation* and reduction* can be always made, according to the pm;**** 
Ifinii, without u watch, hut the latitude of the place niurt !w known* It nni^t N 
carried ou u* tho survey proceeds, hr measurement, or an observation mad* to 
determine it with the iiutrumiti. If It becomes necessary to tiud the latitude It 
may be done us follows : 

14, Finding the latitude by the Sun* 

«. Directions, For OMarwuh***, Near noon begin to observe the ni 
a little before it rvacdle* it** grtaksl altitude. By means of the stow-rnotka 
screws keep the sun's Image exactly lib plaeo on the screen, or by dlfeet keep 

t he croos- wire* exactly oil tlw euu, A* It woven upward J Hit ear* fully follow n. 
recollecting that the object ill to get III* greatest altitude. 1^- careful to stop fob 
lowing It when it turns and begins to descend. 

h* Directions. For Ro&Mtxl&nt* Find #,a§ ha 1 2, b. find the sun’s appir* 
enl declination* ii. as in 11, c* Then 

r + d = p, the required latitude ( 13) 

Be sure to oWrve the Algebraic sign*, as A may be *f or 
c* Remarks* Having the latitude In tide way, the observation* and redu‘> 
t loi i r mu y be oo n d u c tod acco rd I ug to t foe t s»c* '^a bo v e jri ve n * Thr intit ude oik 4| 
carefully ascertained by thb or some other inctliod, may bo preserved by tin* dl* - 
tanee tmvented aoriA or of the point of the 1 observe tlon for latktuje, k 
will at once appear that tin* iniMi-im incut und obicrvatlnn may he made to check 
each other* The method of reducing the thanyr in latitude by linear measurement 
may be as fid lows : 


15, rinding the LutUudo l>y Llmuir Mouaurt<motit, 

if. Conditions. The latitude of the point mcioured from, or reckoned from* 
mutt lw known. The measurements must be reduced to tho north and south 
direction from tlie reference point. tjH rcduccij dlttaims north be 4-, and thoW 
south Im* — ^ l^t nil Mgn* be observed- I^ct the true hearing*, or direction* of 
lines with the meridian of the reference |K>lut, he given, Let any number of courfM 
be run in nny direction. 


Directions • For reducing iht north or $om(h divtawm. Multiply the 
JJuJf ,*it©h courto by the cosine of It* hearing, the multi being given signs 
indicated* + wwilmrlj courses, ami — fur southerly course*. Sura 
regarding the sign*. 

Remarks. Thii w ill be the distance north or south of the referctkee 

point 

1 ,/ Directions. fbr reducin'! feet to (ufiiutaf 0/ /«ijrtntrir. Find the length of 
'nMt*" irflstltuflu tortbe plate by this (*qi)Jittou. 

.... 


f fJu*o divide the traversed distance north or stHifli of the reference point by tin? 
j Ul . u f m found from (Ids equation, 

tm Remarks. 'flic mult will be the mhuit*^ and decimals of a minute o f 
^ H^u {Hviiit fro m the nefrrci»oe This value of m will bo in foot, bonce the 

north i>r *outb distance must be in foot. 

Ill, HoiiturkM. Til** tarihulr may be dhjH*ft*cd with during si day** work 
a p, r the lb - t satiifcictofy observation. It may be tor & longer period If the w&lcb 
U to m depended upon. It w ill be well to find the latitude. and du ck the work 
occasionally* where the watch U used. In order to prepare the watch for this work, 
prowd »* follow*: 


IX Correcting ihv Watch . 

<1. Directions. For romUiuu the IFclCcA by a Xoon Oitftriyitfon* Having 
ascertained the bearing of u line without the aid of the watch, a* at llnst directed, 
neir noon Ml the Iltie Of sight lit u meridian. Hel the telescope so tite sun can \w 
it*ai u t. or received on the screen tin it paincf the meridian. Note the time by 
the watch when (lie anil's west side comes In apparent contact with the vertical 
crov^wlm. Note iIm? watch time wlten the east ride of lit© Mm just touche* tho 
mtlenl vmt. Find the time lulf way between the*© two noted times for the time 
of the meridian passage of die sun's ©enter, or the time of apparent noon, by the 
watch. 

b, Rom ark h 'The time as uhore found should differ fixim exact noon by 
j©U (htr rtiiiatlcm of time for that date and time as given in the Nautical Alumnae. 
01 nerve the sign there attached bo the equation of time. The watch may then he 
hi true rime if m* correct. That b. it may bo set so t luif. the time of the still's 
meridian jmwijjr will be just tint eipuiiion of time, with Its sign, from exact noon. 

r. Bemarkl, The w atch may also be corrected dl nwtly !Vo«n an observation, 
induced as at first directed hi IO and I Li. Ilrir it will he necessary to take the 
watch lime of tin' observation, a* directed in 1 0. Having italic ao. and minced the 
obetrviitlon by I l: ( proceed m follows: 

if. Directions, For correcting th* H«rfcA by <*« ofamu/foa at anyffm*. Hav- 
ing buna] a and and knowing <k mu! t by the following equation* 


Bin f 


Mtl A sift K 


©os * 


03 ) 


Till* being in arc, reduce it to time at ibe rule of four minute* of time to one 
dfgrve of arc, 

*'■ Remarks* This rvault should differ from the watch time of tin* observation 
w* 1 * mean noon, by Just the equation of time* with it# ti'jH* if It does imt, §et the 
^atrh m> It would have done o© had tit© observation been made with the corrected 
*®tch. 

1 H, Hcimtrks. Having corrected the watch by the last tin-thod, the value ot 
! ' u time mar b© found from the value off at this olnterroiion by noting the Lime 
by tlif watch of another observation, and thence finding the elapsed time. This 
applied 1 1> tio* dr*t value uf t will give Its vain© for the ItH ohMfvatlon. Thus tiie 
™io of t may bo canicil forward as long a^ the witch runs true. <>f cmrhv It w III 
°^ v Ur to many at once that the watch can just us well bo used to measure the 
time without being ©omentd. r flus Is too careleu. The letter way Is to 
r*l’ * carefid oversight of the watch by correction. Thereby it may he known 
h f >w much the watch 1* to be trusted* li la alway s beet to establish a "routine sye 
tern hi these luattcrs* os soon 11 practicable, ©ml adhere fuithfully to it. 


19, Remarks. When the watch I* corrected by cither method, ft w|H 
the value oft in tiitm iliiiv.ily follows: Note the time of an ob<n*rv»lhm. juH 
t«< tin*. i . . ; ■ .■ ■ - ■ is given ■ ,i them ■; - j 7^,, 

of tlie Nautical Almanac l hi result will give the apparent lime of the observe SI, 
from apparent boom 4* whim th* mi i« west of the meridian. and — when l( ta JflH 
This found is t hi? required value of t , 

20 , Reducing Observations. 

*r, Conditions- Let the notation he an before, 

Let i — the sun’s apparent hour angle at the time of the observation, that \% tfo 
local apparent lime from apparent noon This in 4* when W . and— when H. of ||| r 
meridian* or 4- for Mm arm — for A.M. times. 

Let the value off ho found by 1 H or 19, nnd railiicwl to an? at the rate of t, iit 
degree Of are to each four minutes of doe, the work being carried out to t^ronS 
of are* 

fr. Direction#, Jfcr JUtdiny A ir hen d. f, and s art pfeeu. Find A ivom the 
Following equation** 

<*._ * ©osUdnf 

Mu A gjjj 7 (13J 

_ Hin a sin f 1 

Check* cos*J iiilA ******* 



€• Example. 




* 1 1 rwk 
Museum > ' 




il — Iff 1 3<K 20* re* 

Cos *1 = $,$770& 54 
bin 4— $,IU7TJ» 

9ja50?7$ 

Slit r =$.9007700 
SiliA— CtoiSftTii 
15 22*5 

20. Remarks. The value of A its determined In theso examples Is gr 
than Wf * became tile soli is smith of the zenith* The value of f used In the secood 
example waa found from the first* banco tin* exact check* It may be noticed how 
much li'ss figuring is required in the second example than In'thc first. It shad) 

Ik* noted* however, that more than one check is figured out in the first example, 
and ito more than the ftfr*#*ary figures shown. Tin? value of A U carried out with 
exactness in order that the process may be fully illustrated* 

21. Summary. Severn! courses are hereby opened to Hie surveyor, Tktf 
H done that he may have the more checks at bis command* and 10 luake eerialttdf 
hi* work. It may be well to indicate these courses in a catalogued torn for >"**? 
reference, Tbo course^ a nr 

'Hie process’s of 1 0, 12, and 14 or 15, 

The processes of 10, 12* and 11 or 15* and thence 

tO, «, or lit, r/ f .tin l 18 or 19 and 20. 

22. Cautionary. Keep the level* and the rerotor of the vertical clrek in 
good adjustment- Alio keep the adjustment of the axes of the instrument, the | 
transit axis and the vert Seal axis, in good order. 

23. General Hemurkx It will hewn that In doing solar work with tto *> 
attachment* In the manner explained above, the observation of the situ depends cn 
the ontlniry line of sight of the telescope exactly us In all Geodetic work. 

For this reason ho extra ii/Jj-vshwenJ* art rtqn trtd, The accuracy of the ohserva* 
tlon In no wsy depend* on these attachments, which arc merely conveniences M j 
enable one to make solar observations with the ease and precision of ordinary I 
terrestrial work. 

Other Solar Attachments are mrehantool devices Wjnlrlfll special adjustment* 
and eon side ruble cans to necessary to keep t hese adjuatrn ids ji*i fret, while tin?' 
caii so some degree of anxiety and doubt In the mind of the engineer W to whnle’f 
ihrv arc quite perfect or not- 

With this Invent km all these sources of anxiety arc avoided, the soUr oboemflou 
being made with the telmtop# Of the transit itself, while it Inutile advantage Of j 
firing applicable to every aurvepovt* and n^iiwrt’tmmit, is so light as not to add 
appreciably to the weight of the instrument. so simple as to require no special pr<>* J 
vision for lUf cure, and so cheap as to he within UtO teach of every surveyor* 





Tlie Planlmeter. 



An Instrument for measuring the men* of plane surfaces, by passhijr a pukis*, 
around tlieir perl pinery. li i* of grt-ut couveawtice to alt clauses of cudacor^ *$] 
practically applicable to a great variety of purposes. To insatur* the arva- of 
figures Out fin- Uminkd by irregular line*. suck a» :— drainage Areas ; lou bouitA ,j 
by ilTcra tit creeks; contour lines of ponds ate, i to get I be true average of ob§& 
Likina taken at Irregular Intervals*; to measure ludkuior and other diagram*, nui 
for many other portion* of engineering work. As these 1 imminent* ill i«itV^ 
give Hi® ai** of any figure, but alt*> any multiple of such area, and the mm «f anj 
number, or series of such multiple*, at ojh* operation* ttiey may be used tonrerv 
gtiMt advantage in tit* calculation of the cubical content* of solid*; u* In threat 
cul all on of canlMirork, etc- ^cc on till* point an article by Clemens Ilcrsobel, K«p ( 
In f lH‘ ./oiiiriKJ/ of t lac FnaukUn institute ft ur April. 1S74. The pliuvlmcten gnuliMM i 
bv ih are rated to read square Inches of area, Square centimeters of area, any miil- 
tijilc of thebe sttva*. and so a* to fife the cubic yard* In any c ut or fill* If u?ol 
according to the directions thni will accompany each instrument, Two co«Kxu» 
live uimMireniottti of the wine area need never tllflcr by more than 0.02 of a 
Inch; 4 hd bv repeating the measurement in the game manner that angle* are tr* 
\wnuil with a transit Insiriunmt. tlie error of observation may lx* rod wood lb btiti 
small fraction of on* lumdredtH of n indi of area. 

The above illustration rrprr«*ids tho rdnnimeter. iu sold by us I^ady fot 
use- The total length of the Instrument U about idnc Inches The mdiut* 
bur p A can be slid in and out In a socket formed at the top of the frame, t he ihiiiMH 
screw /being wed for fin* novemau of this soil ; by this means, ami by tw 
sensible form of graduation Adopted* the planlmecer may he made to do ttovnnfldt 
operations spoken of above. Theory requires that the pointer d, wlddi U new 0 
around the periphery of the figure whose area lato h* measured, t lie nlvofcr, n 
tlipjunetion of the two arm* p A and ij, and the mala axl* *t b* upon which t until 
tUa measuring aiwl counter wheel r should all be in on* and the mtno straight JJost 
for tins purpose, our Instrument* have both the pointer d and the prar jnft 
of the fhtme which carrier the rear bearing of the axis a b y adjustable. r-*J" 
reading of tho instrument consists of a neora of the number of revolution* w 
c<KUiior-wtxvel c read to three places of dcdtxuis; the whole revolutions arc tvtn 
on the wheel l. the tenths and hundredths on th* wheel it self, and the thou^utffig 
on tiio vernier t«, Willi such simplicity of construct km and of operation, tho 
mev of work done by this inatninicnt Is one of the mmi suq>rJsbig things a ^Avt 
The figures gtron above in rvdation to accuracy of work are, however* reH*W*» 
being derived from the experience of sereral years iu tho use of the plaohneWN^ 
tunny kiuiLt of work. 

A>fe* tcalv i«it T(ri«lic«f it*€<er*<4tii b*ii*#St&p»o\o iht tmrttt Tfttukinjt ot ihe 

h dr n e k rtrte 11 an iin tbrnt^K cut <>1 wi^ll <4 tK* teal# rntoii* m*r, 

VKtr imd cue oi tVtr oibtr helrt Sn<rtb» ■ c h&k In ibn na^er T^nct iu4 t tircW* kwa** 

can W (InwwcriM with pcrfict *ecxr»£y. Th’rt ur>«f«k^ ha rttullvd in ih* upf**^* <■ 

tt tt* rt*uX» At.*** iw*rui»f.t i» corrrtt* Htflfttf. 1 the Vt**»k* «if cufFtcuna nu be 
*1 th* <»u Ide*» by ^bkti IN iru»r cam hi mvrtd te d*h* uf kft o( Oe 

tht c*k t»r b#. 
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Tui: roLU)WDfo pehonst ratios or tth: working 

or Till: PUAXWETER 13 FH0H 71IK PKX OF VVx. 

D, i jkuttk, CnrtL Eboinkru, ruuu i:eci.v or 
Boston. 


Case I* Wh«n the audio* point Is outside of the 
figure to to measured, Lk X be the figure to be 
nw^tirrd. *nd In u ho the pole or origin, and It tin* 
null!!* of polar t*H>rdituite3 of the point f In Eig. 1, 
And let K, ht* the radius of n second point f, on the out* 
Hue of the figure X t mul let tf be the angle tot,— then 

the area of the triangle i a l t -» But If 0 be 

taken m small* that for five smalt distance t l, the 


radius B may be taken constant, then ami l n f, 


m§h»# 


By polar coordinates the area X = 


v R f tin 9 

- $ 


0) 


let « bo the anchor point* t the tracing point, and tr the point of contact of Hi* 
Sang© of the wheel of a polar pLauhiteter, and call lp**~ jr, o/j — and p t^s/, and 
he angle <ipW"= a then after the motion of the tracing jKmit f to t t the ]Kdut p 
same* to p v v to tr, and the angle h changes to «*, But when, os In this ease. It U 
nppoaed that during the small motion f f, the radius It U constant, then for the 
Mm length of motion, a will be constant and p ap x \\ ill . d. 

Expressing R In term* of y, t % and «. we have R* , t *4. ( a » — 

r+yco* «) f + (y sin <*)**= ^ + 2 ryooact-fv 1 co *’ « + F**bi a « I*nt slu * « 4 ©ojo 

i~ 1 mu! co* « + /, And the area f n f,= ^| n * — ~ 4. 

i r yeo« f C sin * , j^sln f . „ „ 1 1 aln & X 2 z w cos « sin £ I y slit _ , 

+ —5- and X — 2— j— ■ % ■ ■■ + “^ — Butin 

he vuinmjillof), owing to the fact that the Instrument returns to the name position 
roni which It started, the E sin iiiust^= O and wherever combined with constant* 
nty, la the above equation will reduce to 0, hence the Jlrat and Isut terms will db* 
ppeur. but tint middle term which contain* the variable ooa « will remain, hence, 

f « X z y eoi a sin 9 * » (2) 


It will bo seen by reference to Fig. 1 that* inn $^pp t when # is very small,. ■. 
da <r cos a —pp t cos a=*p t q which is the component of the motion of th© wheel 
1 hleh is ntrlght angles to It * axis, and b therefore the part w hich represents the rota* 
l01 * the wheel tor a small motion f t x of the tracing point. And this Oompotirtit 
tnltlplled by the ann y gives » $ sin f cos « which by equation (2) expresses the area 
f X alter summation. But Z m rin $ cos « Is the resultant rotation of the w heel 
ftcr the tracing poSiit hns completed the circuit cfX. hence the area X ■- distance 
^b?d iiy the Wheel niultipllrd by the length of tin* arm y* Calling tin* eitvumfer* 
J^ofthe w'heel r, and the nnnvberof resultant number of revolutions made during 
ac tm iifVKiiciit k. w'c have X— y «* (3) 

nd If the bistnimeut Is graduated so as to renonl y c n, oud wo call tho record of 
** Instrument r, wo shall liuvc, X 


*4 





CftOO II. When the anchor j xAm u 
ddc the figure to be mtasuiety — - a; ,j 
n>tatimi of tlMi w]»H!l b forward >*i tl | - 
will* reference to the figure* . >i, tt< c {JH 
feretice, — ■ ll will bn *ee*t that there u m 
one ]HijcUio»i oft bo arms j? and ; t ^ 
white the point* describe* a circle 
-t a* a center, (see Jig. 3) 
romthm of the whw*K 
under which thlsw ill occur will 
wlkCil the .ingle i re in 

!£•*= «W+ <!* + /)*-/+ | f /+,» 

ami l lie ah'fl of the Clinic described u^uj 
these conditions - K*=^ -,H-f L*t : . f, 


3 


Cull tills the corrective civile. In (iSf. 
the atesi of tn the area efth* 

whole tig tin* X -* Z - It 1 ^^ ; m hetJ 
1 1 1 =»**-*- 2 ; y ww it ^ p* and hence X » 


I + 2 3 y con 


“:4 + s 


* f 

(*> 


Ihit hi tin* nmiutmtioii the luAinimcnt makes* complete revolution around a, 


tbaiuuof 
tho result iu& a factor. 


1 , ami when combined witli constant* only, will not up; 
Hence we liavc 

X — s-* 1 -}. 1' (a trrycoKK—, ) +TJ,* 


• ■ CO 

Now follow out on the diagram in Fig, U- the inotlou 
of Urn wltcd* which oomspond* to u motion of lln 
tracing point from f to f t first dividing that motion ktlu 
two parte f # amtv f, .** winging the nfU! y around Uf 
point p until it become* nirolid to f, i\ w Idle x n malm 
Axed, produces the first motion mid cause* the wlicd 
is to roll backwatd to * t and a* the path of it* tnolku 
everywhere perpendicular toll* ails, * 5 it will n^* 
it it ut Ion or dfjftitiH'c rctlkil during that mutton, out 

a* * P #*# the distance ^ w»2 *r fJLt whldt b th* 

backward or minus rotation of tho wheel. 

The second pure of the nH4ton Is hy moving the an® 
p fbom * * t to f, p, during which the wheel move* from s, to ip, and this motion H |Sll 
sliding and pari rolling* tin* tolling component la p and causes forwnnl or pin* 

notation of the wll&i t tin: value of p ^ b 3 17 * ^cw «, uikI the resultant rOCntlea 

Of lire wlieel is on completing the circuit * 2 ! 2ir t cos « ^ | — 22 s/; and the aivi 

expressed by the wheel its by Case I U 

2 | 2gsyoo«tf — 2£iry/ .... <H 

CompoHug the iirvn expressed by the wltoel whkti we will call t with the tn» 
area of the figure us given by Kq. <5. we have 


•+*(* 


irrjrcos 


br yco* 


-S'C/ 


* 




- fi'+i f/y + * p which i* iwn to be Identical with the exprvsdoit 
> 7 fl 4. for the wtv-* of th® corrective circle. Hence, calling the ami or theooft**- 
C, «■» Jwvc for C*»e II 

X— r— Cj andX— C+r ($) 

|t vrlll he *ceit fri>111 above equation that when * eosa «-/ % the forward rota- 
itouof tlx 6 wheel Jltot balance! the hack want rotation, and the result U 0 fur a read- 
v,.. Till! I x-ciint when the tracing point moves on the nre of the «om*ct|vo circle 
,{5 the *re« around b X*C. When a cos leas titan/, then the hnek- 

A^nl rotation preponderate* over she forward rotation, am) the result h a minus 
i t,li6 ** * :n *® MI. 

Ciia»c 1 II* IV lien tin* anchor point Is Inside the ilgim to he measured, and tin* 
^uktii of ibt wiwM'l Is backward w ith reference to the figures on itu dmimfer- 
£1]{V , In tills* case r I* motive, end instead of X^-C+r, we hnvcX = € — r. 
heme, we have for Owe I, X aar^COSO 11, XeC+r, Caie IKK X — C 

^p]H‘*eith>lior<'(|Hlro(l to make the instrument record 1O0 for even* srjmrc 
inch M, d *«»ind by the tracing point. A* the wheel U divided on Us cmuirofer- 

[a cn I«W IM division** and by the vernier can read tenth* of tln?w\ then i of a rvv- 

. * 

lotion will give a reading of 100, inako X = 1 sip in.* and ii ] )( then by Kq.3,^ 

- I, anil y — the length of the ann vaiioa Inversely ft* the reading, no fur any 

>ther raiding wo may obtain the length of y by simple proportion. SoppOfc h i* 

I'cjUlp d -■* read r every *q«!m jkimihI around, vm* hme 

100 p , ... 1000 

- — = / from which 
r _I0 * cv m 

€ 

The range of tk arm roiwkn* it Impossible to set It so that for one aq. In* of nrra 
tslmll reiul more than f 2'H>, or ii^s thuu f>0, so the value of r in tut lie Mimcwhrre 
etween tltef^i limit*, Having determined thl value of p for mv particular scale* 
iie value of V may be found by subMltuUng hi Eq* -I; the values of J and /being 
ilttAur^d on the iiatmmc'iit, 


A New Prismatic Stadia, 

U*tI*+<i If I’ld, huhrl 1L tlrhidi. 

MAtuchiwiu Jm**i** «l T«tti*4 or* 

In tin# prismatic stadu there h placed in front i 4 the Objective a prism or wedcc 
e glass which half coven it. 

If wo hold up such a prism with a narrow angle, *ay I® to 4 J* and compare the 
nnumitted image with the linage seen above or below the prism, the former will be 
>31" i to be thrown to one fcide by an amount varying with the an^lr of iln^ priMn, 
innkum of the two ray* sis the direct ray and tin* lint ray, we may soy that when the 
^ tbo prism ta at right angle* to the line of sight, the angle between the 

ray mill the bent ray will be constant for any given prism. 



ntj i. 

H now we place a jiriun in such a mwltien that ft half cover* the objective of a 
Wicope, as seen in Fig. 1, we shall obtain, upon looking through it, two Images of 
object seen — one Image by the direct ray. which come* 111 rough the uncovered 
■If of the objective, ibc other by b^m ray, which com^i ihrtiugh thc» pTi 3 »m, The 
of divergence of there two ray* wd! be con slant and unaitemhle, whether the 
“ttacope U iliivcted to a n*ar or a distant object. 


HU 


Thc*e two ruy* font) Urn tews* of this rnUunt of measuring, and the ili tuiic? | f 
the telescope U> any given point «tll bo proportional to tho *pu» between tin* lir**2 
tUat jN>irti (sec Kig Sf 



In the psUmatiC stadia the two spider-lines arc dispensed with, and in their M*a4 t 
prism in uwd In such a way that a double Image of the target is formed. The oftrerrer. 
by means of ft suitable adjittmviil, thm bring* the two images to coincide, wbufftipoft 
th* desired distance in m4 f either directly or indirect! v, upon the red. 

Since the aiiitie, Kfe. i between the Vnt my and the direct ray U constant, ft* 
omptajmeiil of tire prism obviates tiie variation to which tb« angle ih subjected by tbs 
iuo of the spider lines. 

The telescope for use with this stadia must be chosen to auti the purpose in vkw. 
For a hand telescope, 10 diameters magnify log power to quite powerful enough- Oft th* 
other hand, if a substantial tripod be used, the higher the power, Oft to 6b dtnineten, 
the better However, telescopes of 90, 30 or 40 diametere do excel lent work, 'IV 
teleacopo should give ample light, and upon ft tripod nim hi verting tetocope can ti*» used 
quit# as handily a* a tenv^itriul one. provided an agrecmrnl is made with refer* me lo 
tho target* so m to avoid confusion. 

Thn two Image*. produced by the direct and bent rays respectively, have a Mroxg 
analogy to the two unageft in a sextant. The sea captain brings down the suoV imigt 
with one glass ULI be gets contact lie tween the sun’s dUk and the horizon, end the angle 
ia then read from the vernier of the JiuurnmenL With tbo prismatic stadia- Ufoem 
the lower image is brought Into Juxtaposition with tin? upper one, and we read the 
amount that the lower image has cut oft ujion the Upper oiwl This reading gives tti the 
displacement of the image, and frutn this we cun compute the distance. 

Fret Richard* found that u prism bating an angle of ) : 100 gives the bred re* 
salts for long or short distances, and that a tc Its cope of about 30 dloiiaten is the bret 
power, although good results can be obtained with other power*. 

The advantages claimed for this prismatic stadia- telescope as compared with ihf 
usual forms read by apulcrdincs in tbo telescope are : 

lit The starting point for tbo measurement is within the prism. Instead of tiring at 
an I ni aginary point some distance in front of the objective. 

2i\ Only one observation is required for measuring a distance, and there is ihetw 
fore only one personal equation Instead of two. 

3d. The portion of thv self- read log target which is to be read is the only part that 
1$ distinct it to therefore uuneceesary to hunt for the reading. 

Ith, The prismatic atari to- telescope can he used in the hand for short dlitaneva. 
This is lopiutia with the spkterdlne inMrumeitts, 

5th. Long distant** can W iwtl* factor! ly measured by the tape and slkling-tergrtf* 
bat not with the spider- line. 

dth. The extreme variation of this instrument as found by 1’ref. Richards It ffy® 
.2 per cent to J>52 per cent Tin- extreme error will therefore bo from ± .1 per oeM 
down to ± .ObSG per cent, diminishing as the distance Increases, while the error of 1W 
spider-line stadia may be as high a* ,4 per cent, and often is .2 per coni, and doe* u€£ 
diminish with distance. 

In making an observation we must ilm focus the two images, next relate htP 
juxtapotition, and finally read the distanc*. 

Tlve target U mode in two forms, the self-reading rod ami the lape.urgwb |B 

Self-reading reds ah mild be prepared for each prism according to tin ratio or factor* 
but it appear* probable that prism* can 1m made that will vary only between th* rOtjjS 
I: 100 3 and 1; P?.S, and thus vary not more than 02 from the ratio of 1:.™ 
Measure* will, therefore, be taken for preparing rods with standard frtiillM of 1* 
100, which will be near enough for nio#t tHirpoere. . 

If it is desired to attach thh prismatic arrangement to an instrument already n**a* 
It will bo noewwary to ot id kj (b (Wesoope, . , 

For ft jiampliUrt giving a detailed de^crkition and method of using ap'ply to eith**^ 
l*rof. R [chords Massachusetts Institute of Technology, Boston, or lo U&. 


On Stadia Measurement. 

Wrifte* eipt-ciillj SectMi by Cin, J, Sncur, C. K 1( Mn FrwiKn, C*L 

a trftoMt or theodolite, which is provided with (lie so-culled stadia wires mod * 
furnishes the mean* to obtain simultaneously the distance and the 
V'whi of A point frighted at without direct mcstmtiiat. and with th* only use of 
ling rod, held at the point of whletl tlie horizontal and vertical portion 
1 be determined in reference to the Instrument-point, 

u g r ^ J 4 -* I too ordinary horizontal and vertical cro** hair* of the diaphragm of the 
T(1 ^cOf>ep two extra horizontal hair* are placed parallel with the center one, and 
Inusllv distant on each Aide of It, which, if the telescope Is sighted at a leveling 
!!;,( will inclose a purl of this rod or stadia-rod, proportional to the distance from 
Sc "instrument to the rod. By this arrangement we have obtained an angle oi 
flghr which remains always constant, 

k Supposing the eye to lie lit the point O ( Fig* 1) , 
the lines O € and 0 k represent the lines of sight 
from the eye through the stadia- wires to the rod , 
which Mauds consecutively at k r. i d, h e* p 6 and 
/ m* According to a simple geometrical theorem 
w r ha%*c the following proportion : 

QaiQbiOctQdt b y: c k: di: * k, 

which means that the read lug of tho rod placed 
on the different |Kiint* u* b. r, d and t is proper* 
* tlonul to the distances O a, O i, 0 c, O d and O c- 

Tbe syiiem of lenses which constitute the telescope do not allow the use of thU 
proportion directly In stadia measurements, because distance* must 1 w? counted 
from a point In front of the object glass at a distance equal to the focal length of 
Umt lens. 




Kig. y represents the section of a common telescope with but two lenses, be* 
tween which the diaphragm with iIm: stadia- wire* la placed. 

We assume : 

/» tlic focal distance of the object glass. 
p =i the distance of the stadia- wire* 0 and h from each other. 
d = the horizontal distance of the object glass to the stadia, 

* — stadia reading (BA). 

I) horizontal distance from middle of Instrument to studio. 

Tito telescope Is leveled a tad sighted ton le voting , or stadia rod, which U held 
vertically* hence at a right angle with the line of sight. According to u principle 
Jfopilca, rays parallel to the axi* of the lens, meet after Mug refracted hi the 
liV'u* of the Jens, Suppose the two stadia wire* are the source of tho&e rays* we 
have, from the slmiUriiy of the two triangle** a' h' F aud F A 15 the proportion : 

(d— /): «»/: p. 

Tlie value of the quotient,/: p, Is, or at lean can be made* a constant one, which 
we will designate bv the letter £ : banc# we have : 

(*-/>«FC— ** 




In onleTtoget the from the center of the in^irutn^ot wc hay* t* mi 

to the nmivo value of F C v« the value c * 

A „ t ' e-OF + O N. 

O N U mostly equal to half the focal length of the obJe*tk% kenc* w* have 

C—Z+f — lJS/ 


njereforc the formula for the distance of the stmlin from tin* center of 
incut, when that *tadU In at right angles to die level Hue »»f sight, I* : 

to D-*va + *. 



When the line of sight U not level, hut t\w stadia held at right angle to it, the 
formula for the horizontal distance l§ ; 

CO H a ivj.c o* n 4* c 4* om* 


1 he member on*- sin n ; for o — 24 \ u *- V/ I hr value of oiw li but t?.4% and fei 

*Li“ UK, n — W it :% O.Sd' ; this allows that ojui iii moM ca^e* may safely he omitted. 

Some engineers let the redtnau hold the (did T i^rjM-udkuIariy'to the W of ^ght : 
they accomplish thh hy different devices, a*, a telescope or a pair of sight- attached 
at right angle to the stuff* This met hod U not practicable, sis It is very dilHnm 
especially En long distance** ami with greater vertical angles for the rodumu to kv 
the exact position of the telescope*, and flxthunnorcw hi some instances it U entirely 
.rnpnsslblc. When, for Instance, the (Hunt lobe ascertained i$ cm a [dace where only 
the staff can stand, but where there is ho room for the man. The only correct wav 
to hold the staff is vertically, 

in this case wc have the following : {fig* 4) 

MF«=* e -f GF*»<- +**C,D, 

CD must be expressed by All. 

A B -* if h AGB — * 2m* 

CD=2GF toiuw* 

And Anally, after many irmisform:itkm&; 

f D — * c*eo* n 4* 'T«£«co§ 3 n — o .ft.g io'h tau-m. 

Hie third member of this equation tuav *afWy be neglected, as It It very small 
even for long distance* and large angles of elevation (for 1500'. « - 15° ami * — 100. 

It it hut fhOT 1 )* Therefore, the final formula for distance*. with a stadia kepi ver- 
tically, and with wire* rquUlUtant from the center n’iie, U the following : 

(3) D -a c.cos R 4- 

The value of <vo m n U usually neglected, &» It amounts to but l or Lit feet ; it 
exact enough to mill always, 1*25' io the distance os derived kom the formula 
(3a) D -a.l.cotf* 

without considering the different values of iIh j angle ». 

In order to make the subtraction of the readings of the upper and lower wire 
quickly* place one of the latter on the division of a whole foot and count the parts 



,5 j rl | between (lilg arul the other win? ; this multiply mentally hy 100 (the con* 
?' rY* which give* the direct distance I> - 

■\ n where it is not pliable to mid with both tttadlm wires. It is the custom 
w but one of them fareomwetlon with the center wire, and then to double t he 
s< *. |[ ir - thus obtained. With very Urge vertical angles, this custom it not ad vis- 
m the error may amount to OJK) 


!»■ find the height of the point where the stadia stands above that one of the 
Instrument* »mmltam*i>ii*1y with the distance* w r liavc the following ; 

We assume In reference to figure 4, 
v height of Instrument point above datum. 

Ml 1 - D — horizontal distance an derived from formula (8)* 

« vertical angle. 

A PK — stadia reading of tlie center w ire* 

<* -= height of stud hi |K>hit above datum; It 1 $ 

Q — a -f I> tun n — h. 

Tno substruction of A can be made directly by the instrument, by sighting with 
ib* center wire to that point of the rod* which U equal to the height of the telescope 
fiho'e the ground (which is In most eases — 4*5"); q will be con&tanr for one ami 
the saute instrument point ; then the formula: 

QaDutnt; 

thU in connection with formula (3ft gives 

Q bC sin n 4* 'i.Jfc- cos n. sin n. 


or Q = e Bin n+a.*. 

The first term of the equation can be neglected, when the vertical angle 1m not loo 
large ; hence the float formula for the height Is 

(fl ) ^ _ i.t. »ln 2 n 

The position of the stadia must be strictly vertical, 

Tlie error increases with the height ofm; (m — height of aenter wire on th« 
twl). In shorter distance* the re*«lt Is seven-fold better when the center wire Is 
placed as low as one loot than It Is at W ; in longer distances thU advantage is 
only double* 

It is always better to place the center wire as low- as possible* If the itadla la 
provided with a good circular level, the rotiinau ought to be able to hold it vertically 


!» 


that the inclination of the *t\d\* shall not be more tb** 
kU*T ill a 10 tUdbu or 0.031' In a stadia of 15' length. ** 

/fcfcrmfciafto* 0 / |A* too 00 * 1 , 1*1 cegfcfejifc c and *, A JUtaurh the Madia wire, 
wtmlly yringed io that tlic reading of on« foot signifies a dUtance of ttKi r,*,t 
I will f)X|»]tlu here, how to determine the value of It for any ease* SimiKmn • i,'* 
wiglnrergoc* to work without knowing bU eon ■taut, and not having idjuntabl! 
stadia Hire*. The operation then Is as follow*; * ^ 

M^urecffon a level ground a straight Hue of about 10W length: mark ev^nr 
W, place! the iu«tnimetjt above the starting point, and In the rodaian idaco hh 
rod on eachofche point* measured oft; note the reading of all three wires **W 
ately . repeat luU iHiemtKm four lime* ■ ; the tolcscope mint he a* level the irniiinJ 
allow* ‘ measure the exact height of the InMnmtenL i* * r , the height of tSi^ lefownr* 
axis above Uie ground* Then find the difference between upper (o) and mklju 
(m ) wire ; between middle (nt) and lower (a) wire* and bet ween tipper fo) :r t ?\ 
Inwnr (w) wire, from tho four different vahM-s for each difference. determine Mi* 
average value; then solve the equation for the horizontal dUtanoe (1) ft — JLa x c I 
Willi the different average valuer and you tind the value of it and e. hi Cureth* 
stadia wfr« ^ should not lK k eQul-ilsstaiit from the center wire, there will he thro a 

!l!fSrr <lfcll ? , ! ttUnt4, 0,J * for Sr® l1 ** ^ upper and middle, one for the use of the 

middle and lower* and one for the Upper and lower wire* 

If the Madia wires are adjustable, the engineer hai it in hi* power 10 adjust than 
so t hat the constant k =» 105, or* — am, which he accomplishes by actual trial along# 
a care tally measured straight mid level line, * 

The constant r, which is one ami a half times the total length of the oblect-gbai 1 
can In> found closely enough for this purpose hr foe u wing the leleacopa tar n d-ht 
or avenge dteanee, and then measuring from the outside of the ohjocHtlas* to iho 
onf^tan-head-sennv* of the crof^-halr*, Thi* constant ttmsl he added lo dvrr 
vtadLa Mght; H may be neglected for longer distances* 


Stadia Measurements, 

Wrtn«i f:< ihti C*±*bpj4 *»l by H. C Puhwn^ C. t , fcrryibij*, Midi* 

In view of the great and (snowing Interest In the subject of ■■ Si<ulin 
* solution of the problem Is offwwl, uh applied to inclined measurement*. 

*«“ l* made from a ci 1 fT*>ri*n t geometrical comddcnUlon than that usually 

employed, and It effectually dooa away vlth the nmtly for any subsequent cor* 

recllons, a* with nicest rtchomee hi use for Inclined dlMane^. 

In the following discussion* let 

It =3 the reading of the stadia rod ; 

1> = the horizontal distance from plumb line of transit to Stadia rod, which tnuM 
be vertical, 

m — the angle of elevation or depression to the wwtitfor reading of (lie Madia rod. 
n = the same angle to the larger reading* 



Through the point o, at the distance of unity from the centre of tostmuw 
draw the vertical cth Theu the rod A B» being also vertical, the triangle* 
and A o H are simitar, as are also the triangles tub and C'*B. Hut the mid- 


\ 


n 


]f, of the rod A II U the difference of the tangent* of the angle* of elevation. 
ITjn,! n- AlftO* the dlMnnrc fi& I* the difference of the tangent* of the mi angle#, 
t n, tod bianco unity* as given In the trigonometrical utfeil - 

Whence, to Slid the horlicntal «C =a I>* we have simply tu effatft fAe rinding of 
^ >vaiiCa /fad” fry d(f<wwi 0 / ffr* o/ffre ou'/fc* 0 / efrrart&it. Or, hr 

Simula,- 

II _ “ 

Tii, u — Tan. m 


If one of the angle* should t*e a defircealon or r wv luual Elicn divide by the 
>j g ic tangenta, ana the formula would be 

n ^ H 

Tun h -f-Tan, w 

11 « 12* ir, nnt, Tan = -217m 
Mn — 10* Hf, k ' -*.179922 
The dltfcrviicc of the tangent i IBfeOMB 

Then. Jf It — vi.*m fret, 

( . 12*20 . __ ^ 

1 ' 31 J D .tssswht “ 32 ' f{iet * 


It may happen that our transit ha* no vertical circle* or that we have no tdgono* 
metrical tebice at hand. In either ensev Introduco an auxiliary" rod, cfo between the 
Bb Uii rod and the ploaib-tiirte Of tnnHt. and at noma known borlionUJ dblanee, 
preferably I(HI fret, from the hitter, mid nolo the iutcm-jit 11 b* 

Thto Intercept b the aim tog u o of the dlffcnroco of tangent* used In the former 
co^“. and mu-vt be usihJ In the wvmr manner, in dividing the muling of the rtindiu rod, 
when we shall have tin: difUaco, D, In terms of the dtet&noo of the &uxLll&ry nxl from 
tin' ' rarttiE, 

Kjrampk. — Scppcvc the intercept a bon the ant Illary newt, at distance 1GQ foot, is 
«i . foot, and that (he loading It, of the *iad!n rod b 12 teei, then 


oC — I> — i 12 + Mi i X 100 - 142U feet, 

I the height, H, of I ho foot of 11 k* slndli* rod, above or tmlow the height Of 
Imminent, bo wanted. It may be had from the following equation ; 

II « ± IX fun, m, 

■-* which the + sign mint he used for ang<e* zi cl vatlon, and the — sign for those 
>1 lvprvsskin. 

T h tho auxiliary rod oc nsec ms bed of the vertical are, note Lue Intercept a fr 
<»n thi* rod, .mweeo tho nsirtil line 3 C nnu the v.ne o: aigai to tiie *oot ol tm? Stadia 
1 ml, and 

Af udciuy a nr inlmiff oy M ratio D jd or. 


Atannpb .tie taat case. If c n — 1.06 Lo, p y e being :X *eei t and l) — 142C ft,, 

JLcii 


CA — a « 


*- P * M i«c 

■ - " , ™ .r- S3 

■> C l#v 


1$.U0 .ecu 



The Portable Collimator. 

F*r uw with folllaiaror k At Ti„ for teatiw* tit mruerl** and repeat I nit •nirlwli 

lliftit lfcvtr*M*iKU an- -«b«u led in th* fl «p I >1 * ll rim hr +H jt t any aim It- **r li ■* 
t| li a aalaahO aid I* MJuiiink’ lutniBinU will* tvN *|<w; Am| aUo >*rve* A »ar|i 

♦f pirfom where >llitint and tked ilffcit art a la ifcr »b*p. 


N'ert* r — '1*1# abw 


_ m ceecedca* ed tncia mir^r a Til repealing angle*, br * f fh t : n £ at fwo [!>iimitur i 
pU«iJ m my d:«cd Msk with it< tf^iiMiwfi, trtjjht m pmhubly *iw**d If* the primary a«n 
*ti»£c-cta al m.W» be f xr pairing tVir «a ittuji ye«tk* la tkc ieUL Fw lliin jnxpw J 

cdltmafnn mat be ol a airwt "nwiiive rcA*trurbrm. Arrr two cheap m>v-aI*»w 1 tilt an be bought in J 
wdl ar.twer, aril iht Add 4< *k* can be KniCcM f*i tb* *.Hirtrf ol a mirror. Hu Ifi&rr •ha 

plated 1* tht primipd fucta uf thtulijcctbe td the apy-£U*a. Theft U f»? n^td *d a apftfbievei Tl>t 1 
-ipjura! m* cun be imicwMwl » uv w*lj hghied bi'knwivt where il fa uU af< to become dwtintocd by onfctoa 
sM vVaib** id the fa*itdji«. Wi +r* theta k a welt ai »iw*d win total or tf arolt at dKjf**w 1 Um ihu p r- 
J jOwc cedy wt »udl tmlinlter mJ be needed* ml when they ate pined ovpotoli etch ertbtf ft a dkuntc <* 
iIkuI tin ftal. Mi cKai an rnttrarnc ni ca a be readily placed And operated Wiwtcu them, thry will then 1*-*“ 
in excellent rneihk of diking the teto^Of* adjAMiiwnu \ff nv*mng ih* ivkacop# td a irarith iipma m \ 

<t VH( Wive pjjrix i* ojipodie £wikrft u eipl lined oft page *fr 

J t i realm* a Ksnlbr trJbjctt (alw» on tht tamt luccl it to * wined thal die gcoactnod and oplical I 
the two t#UM(Jp*t ire irnlr cnitorient wfib eaeb ocWr <4 ror.lt Lew rfi|uirln{ *iiiA<f **dl to nukcYn of 
»d>aH Oe line M <d£nmta«i k a emns#U QcIrKOpe- H» twj'byto| a chrap <dl wupn of ik a bow Iwri , #oB 
the Lakao 3 |ic can be fci trwd 011 the ciAtnulftf object. lhi> A^rnptLun beomwv* hy^ntf, itiT^idAJted* at I 
» 4 ntl"irnii ran bt erode fTfelwly In tb* um waimi r aiintW Tmm trie ub^fmrntP foe rtcAt tf l 

tAQCei ft wiU oe*y he bv<«»iiy to *ei tht tuinniiMf ilde at }>kce< oarresxt'djnc to t be*e 

IV %lic .if »udk tit ^ppferwaa will mm the atudent dwto « 4 ra> of pru*fetk InaifumnU and ik 
feinciptot apein wto.-k tV irr band, and every Un^e ri^Kemi; dffurtiroAt oteto lu be in pcwwt4of 
an iiiMroitoed <Wft w of tku kind Utefc vaJiaitii* ttm*, wliirh arniti cahecwin b* tpent %u the tcM, 

(JiCfi be a«rtd> 


i\ L. ller^er cV Sons' Auxiliary Apparatus 

I'ud durlnc tkv ron^t mrt Ion of Ikafr IntlrvinfaN of PrecUlon* 




APPENDIX 




METHODS, NOT ALEEADT EXPLAINED. FOE ADJUSTING THE IKSTEU* 
WESTS ENUMERATED IS THIS CATALOGUE. 


I_ # i *Kii «n &#t ■* *roHnr tff PW rudf n for fht impcifod )rn—| (incut of aif and 

Ziteiukw* TM* toa btvfiftKd by to ir**J*l e*W <«« *1 «ir Iinliin tolmw i Ut» 


gfcSf**? ■STS* <Hbt* fwMaii^ dslki pcrall, lo imrtagc the p>rt ol th* catalogu* *Jter ike 

^ yirn! ntm tvpN of JiiKnamtttU wKvrh in □ vm ind id Wm IiMn ttoir p«9*r 

yjukcus Wfito trutti] ■* (H* book- — A- L B 

Spirit-Levels on Metal Base. (Set? page 127.) 

\ feed plane surface U required, upon which the adjustment of a level* mounted 
. P^,jo iimuil may b# made. Such a Levcsl surface may be some portion of * 

fi Li Cw»«ti a» the horizontal plate of a transit or the bar of a wyelovcl. which 
niv t^ mod# horizontal by th# leveling screw*. If an Instrument is not available, a 
“7^* gurfjfr.? upon any piece ol machinery which may be suitably raised tw lowered, 
L|y ujhkL 

' |*inc<« th# level Ujron the plane surface with ins edge coinciding with a atralgbt line 
nrtfloudy marked ujton the surface, and bring the bubble to the center of the graduated 
, 4 or mark# ruled on the glass tube, by raising or depressing the plane surface. Next 
the hfd end for end, taking care to replace it precisely In the place that it 
mriuUilj <K>rupled. and notice whether the bubble returns to the center of the gradua* 
thm* ; if io t the fer*l is in adjustment; H not* correct one-half lit# error by mean# of the 
t^ opposing nutrt, or by a capaum 'beaded screw, provided at one of it# #nd*> and cor- 
rat du* other half by raising or lowering th# plane surface. Repeat these operations 
until the adjustment la perfect- 


Locke’s Hand-Level- (Sc# page 127. > 

There ar# several methods by which this instrument may be adjusted, (a) Select 
a sheet of water wUh an unobstructed view of not than 200 feel, and sight through 
the level at an object who** height abort the water ha* been made th# same as the 
height of th# #y#. H the bubble u bisected at ibe earn# time that the object Is bisected 
by tbr homoottl wire, the level la In adjustment ; if not, more the frame containing the 
win-, by means of the screw nr screw* placed at the ends of the mounting of the level, 
until this is the case, (b) it an adjusted wyedevel is at hand, set it on iu inj-^xi at a 
hnixlit corresponding to the hehibt of the eye above th# ground, and direct it at some 
wehdefluad object of suitable si^, as th# target of a leveling rod,dl*um about 600 feet, 
ami In the level plane given by Urn instrument. Now rube the liand kvel to the eye 
and uotore whether ita wire bisects both the object and the bubble at the sometime. 
If not* adjust the wire aa explained above, {#) Select a tolerably lovflj puwx where 
there are two trees, about 2 jw feet apart (two telegraph post* or two Stick* fastened to 
a fence will answer th# purposed- Find, by pacing or otherwise, Urn point midway 
between th# two object* solocud. Standing at lilies point, raise the bariiH#v*l |o the 
<T#. sight at each object Jn succession, and make distinct marks where the wire inter- 
«cu them when the IxtbWo is biaecicd. Theae two points will be approxiBiately in 
a level Hue, although th# Instrument may bo mil of adjustment, tv alking to the 
•Iile of either of th#^# objecte, place the hand-level agaiutt tho mark upon it and sdght 
st the mark upon the oilier object. If th# bubble U then blaoctod by the horizontal 
wire Uio fev#i is in adjust ineni ; if nou adjust it as above. 


HuiuLLevel and Clinometer. (See page 127.) 

If the instrument is of the style shown in the cut, U may be adjusted thus. Clamp 
lb* index or render of the arc at if and teal the adjustment by On? uwUjods doscritMid 
f <* locked handdcrel. If tbe bubble U not bisected by the wire, the I enl must li# awi- 
by raising or lowering the tube containing it by mean* of On# of Ut# AtljutMlng 
fff'frsB at the end ; — or in some instrument* by moving in or out a squir# mb# to which 
^ wire U fastenwl — until th-* adjustment is mail#. This latferr tub# ibouW th#n b# 
bistert-d by a screw or marked by a scratch, as lb# cnsc may be. 

If the rtyk of th# Insimment permits of being placed with its base upon A plan# stir 
vs is usual with an ordinary ciinomeicr, the paralleUMii of the level with the baso 
ihoqhj be tested, when th# index Is at U*, by the method explained abore for adjusting 
^ apirH4«Vil with the metal boa*. If found to be uuU ilia spjriblevel should be ad* 
Wk*J by on# of th# adjusting screws at the end of its tube The lin* of *ifiht must 
how b» Thrilled as explained for the hind4evd. If found to be ouu the adjustment 
tatot be mad* by moving in or out the square tube carrying the wire as d*#cnbed above. 


The AiUuHtmentd of the Engliieors’ Transit for Leveling 
and for Measuring Horizontal and Vertical A n^l^s, 

Tbe&o adjustment* differ according a* the telescope b provided with a fi^] 
to re 1 1 which i* tfla more usual form in tire engineer** and surveyor** transit#, 
provided with a striding* level ptuullcl to the tclcfli'opc, a* shown in the lilu--trat« t» 
of the transit-theodolite No. 1 la. 

1. A Fixed- Level I*nrallel to the THre*c«|M% 

This adjustment consist* of two distinct operations, The first is to ptacii tb* 
horizontal wire of Lire teicscojre in the combined geometrical and optical hxq h {i[ 
the teksoope* ortho Hue of colllmaUon (sec " Some Far La Worth Knowing, p flt ^ 
J.); the second i« to place tho axis of the iked -level parallel to the lino of (^||_ 
(nation. 

Tho precision of the adjustments will depend in a measure upon the perfection 
with which the goo Hint rieai axis of the telescope hn* been made to cohreidt with 
the principal optical ax is for all focussing positions of the object- elide* The mot* 
perleot the continual coincidence of these two axes. the more precise and accural* 
will he the measurement* when the flights are of unequal lengths ; but in practical 
levithnu, where sight* of rcpml length are used. the effect of a non -coincidence of 
these two arc* U mainly confined to l# Intermediate point*, 11 and h of minor iconaa* 
qtrenco unte*& the n^n cotncldenco te very marked. 

Tkt A rijujtment of (ht Horixundol I Frre. ThU may be done with j« u fit cleat accuracy 1 
In our transit* having *n erecting teJctoope* where tho *y«*~plec* U min-adjustobb 
late rally* in other words* permanently wattnd with respect to the optical axis* by 
merely placing the horizontal wine In the cooler of the field of view of the uye prere. 
The omss-wires of in verting telescopes, however, being stretched on a -iriphrugm 
which itself limits the Held of view, they will appear in the center of the field whotlitr 
the i muniment U adjusted or not, and therefore another method of adjustment H 
needed. This can he done roughly In an emergency by merely placing tilt both 
zontal wire hv the aye a* nearly an poattblt lit the center of the mnin tube of the 
telescope, the eye-pleca having been ttnd removed. Another method b that 
described by Oravntt, see pages 4s and 41*. But t he method which is the easiest la 
our shop practice, and sumcleu tty accurate fur all pracUcalfMrpo»66,b Ihaifollowlfl 
by u». ano as It might bo followed with profit by the engineer, should clruumMoxirtf • . 
favor, we give it here also. After the Hires have been placed in a position 
perpendicular to the horizontal axis of revolution, the tctatcopo Is removed from 
the standard h and placed lit wye* where it can be rotated. Such wye* may l** 
Improvised by the engineer, by cutting the projier shape* out of thin wood and 
fastening a pair nl them to a hoard in an upright position. The distance UrtwcflttJ 
them should be such, that tho telescope may rest upon the outside of t he mnn tiling 
of the object-glass when® lie cap Is placed, taking care u» rest itigdflillta ebouWcf 
on the Inside of the wye. and upon the tube near I ho cross -wires, when pmcticahk- 
The improvised wyes being placed on a firm support and fastened no that they will 
not more, the telescope mar he rtrolrtd in them and the wiri» tuay be placed in tho 
line of eoillm ition a* In a wye-level, using a distant point. 

In acme maker*' tranmt* tho telesoojro is ho arranged that it eon in? revolved 
in tho center part of the transverse axis of revolution, after the level tutu 1 and the 
(screw fastening It in the center of tho hub which keep* tho telescope and a$t* 
togotbnr hare been removed. In thU case tho horizontal and vertical wire* can bo 
ad j listed approximately for colli math m by turning tins toh^ropo in its hub. Thia 
method, however, doea mt permit of work, and bcaidoe boing clumsy, gen- 
erally leaves the teleweopd In a more InMCure »tnU? of stability, than when the tei*- 
acope and tmn»>^rse axis are soldered togeiher. On this account, whenever appli- 
cable. all our ins tru menu are made in tblA latter manner 

There is another method which mar b* followed If the principal optical axff 
posjc* through tho geometric horizontal axis of revolution of the toleacopc, Self’Ct 
a place for the transit alongside of a house or near a tree, and with an unobstructed 
view of at least fee?. Hot the instrument and level tip approximately* Q*mp 4 
the telescope, and by maang of It* tangent* screw bisect a distant point with t ho heir- 


to 

lentil Then 00 ** Wtloil center and find or mark 8 

I^nt, distant about 50 tort, on the house or tree, <wrwfuUy focussing the tclo*cot» 
Jpon It- *<> w W »«»• ^ tofoacope, dump it again ami w*?** tbo nearer 
U Mfk witb tbn horizontal mm± Th*m turn tho instrument again on ltd vertical ax la 
inti rf* whcUw Urn wire also Msret* the distant point : the tdeacopo bavin u iw^n 
carrfnUj rt-fooiWWd. If iho wire d<** not bisect it. correct tbo ofrer hr moving 
the Him by wmm Of the e*i»tau4ioadc<l screws, in tbe direction expiainod in the 
AujMOt*' 1H3 P«P”- 

T be amount that Uio wire should be moved nan bo determined, hr this method 
omly b r *aw^« •gP®Wtarto» If tbo horizontal Wire la eoastderibly out, move 
it as amount aqua! to two or th re* time* tbo apparent error, and again teat th* 
^WtMOt. Aa Uie adjustment aporoschc* eonrietlon, tbo wire should be moved 
je *4 au<) if **■ until the correct poeuilon 1* attained. 

A* before suited this method can only be relied on when the principal optical 
*xls paoa** through live geo met deal horizontal axle of revolution. When these two 
do not Interaoot. the amount of error Is doubled and multiplied bv reversing 
the causes an seceutrio position of the wire when the id j ustiuan t 

np^rs to b* P«rf*rt It u extremely ram that an instrument fulfill* this condition 
exactly, the maker having to rely solely upon mechanical method* of cons miction > 
»a.L it i : not wiso for too engineer to place much eonlldenc* in this method of ad- 
justing the horizontal wins. 

I ho adjustment of the vertical wire should now bo made, os explained on pojm 
13, by reversing the telescope through the standard*, or over the fear inn of the 
bomoicai axis of revolution, ns explained on pag^KHt The adjustment of the hurt- 
lontal wire should then bo examined again, and if found to bo disturbed the two 
vlmMliOUid be ad jutted again, in turn, until tbo jK^lUon of each is found to be 
eocrect 

n- A^MtmvU of rV Ar*t-£eM< of (&. TtieMopt. Thl* l* to be done bv meant. 
™ on oppodtr aide* ^ tli, Internment, »-> described on page* 4R, .Vi and 

, Bv rbiH method tbo u*I» of the spirit -level I* placed j -oral Id to lb* liu*' of imiI* 
11 mat ion directly, without depending on the accuracy of collar* or other mocLauicnl 
arrungementii ; thus ensuring great accuracy in the adjustment. 


-• A Ht riding- f^vcl Parallel to the Telescope, 

1 he adjustment of a transit for leveling, when it bos a striding level parallel to 
lh. t.^-wjipn. |« similar In «>me respect# to thntnk.^on.MwijriMnH'iil of th.- otdlnarr 
»h -l thk ^nt^ T 01 ! 0 ° f the *?““ 1 lB Provided with collar*, or ring*, noon 

to’l ,i i, “V. l i? nS i' er ° 1* mny “ <lpO» them when the 

tatatcopp J* elUier in a direct or in a revered position. and it can be re. 

up °u la f theoretically perfect Instrument it b iasurjicd 

w ! ( wTk cylinder* of truly circular form and of exactly the **u* diamlv 

Sj ri l n «N h " V 1 * “** wht °b 1” parallel to or colndAnt with the geo- 

, m n t f : »i?2£. Uwi * x,s wI , ‘ he tclwope. »thnr ttw. line of commatioti .hall romX 
IvuM^ ? 1 ftw 2" to ^ ot tile objoct^lule. It 1* also aeauinrd that the 

Wni the tteowetrtod tnwwwatlaof 

Slow . 11 1 U “ Tl >e t«t. of tliese aocumrd oondlUon* will bo Kivr-n 

e*P^>aUonH will rondor tho deocriptlOK of the adjonttnenta more 

ei i^ 0 J C ( W ^ «’’ rf ^ C ot S^ , kU “ * ulw or vial In ground bo that It bu a alight 
•l ' < H J e oUoa o. 1U length, the nullu* of the curvature depending iioon 

la- at roquirrd for any particular Instrument. Thfc, erln*. 

2tfJrt*3™J ,n S t *J* 1 barroUhapo to tbo interior surface. CnnwjueaUv, 5 the 
Tho r-,^r°^ JL*^® M ?' th<) LubWn wlM •«« Indicate* horiaonUl rt n „” 

an?. '.T 1 ™ 1 J lL T r,c : wb ‘« h bubble longtt udinall v may bo c*i|,d the virtlcai 

SN.imltt'T 1 bubble. Tlie lino tangent to the upper ion glturl foal element of the 
!? Interior of tbs lub^, at tho central point of the irmd nations is calicil ihp 
of iba spirit*l^vcL It Is situatod in tb« plan* of curvature of the dtament that 

'■ >-«»»»•“ 


The adjustment of *uch a transit for levollDj 
Miridlng-tavrl parallel to the uxU uf the cellar 
wire In the combined geometrical caul optical 4 
slridlng-ievol. 

'Cite adj iiRtmcnt of til# stiidingdevcl inmolsl# of two separate operation ( 
follows 


level! ug consist# In placing the *xl* «i t k_ 
dUara. wort then, in placing the jhorhktttlo 
ifcil axis of the telescope by iumwh of tfc 


T*e htirrui tifijuximetit of th$ 8tridimg-Lctd* Tills adjustment I* the first to 
in side. Its obJ«Xt i- to place the vertteai axial plan# ol the splrtt-brnol parallel to t 
coincident with Ui# ft *4* of the collar*, and t* lUMHil^ to avoid err or* in the jh*^, 
lion of the bubble, should the strnUugdeveL lie slightly mov*d on It# collars totS 
ally during the junnipulatteH of th# Itiitmuuet The tcJetwsupe should bo ’Unified [& 
a position nearly iiorwoiita), and tho strldingdcvcl should be placed with It* ny^ 
rowing on the collar*. T ho bubble must now bo brought approximately to ii, f . 
center of Its tube by the tangcab&crew of tic* telescope, The strUlingdcvel should 
then bo detached from it* fastening* on the telescope* and,, whlfc ratting on u >0 
collars, be Inclined to one side *>f the tdecopo, say about 10° from it* vertical post* 
lion, and the rending of tho bubble bo noted, Ncxt,il Brest bo rooked on theontlatj 
nn equal amount to the opposite aid# of the telescope, uml the road tug bo ncted. 

If both road. u gs are the same, the adjustment U correct* but if the bubble move* 
toward* 01 X 5 aid of its tube when the striding- level i* in one of lliese jKislliorss, m| 
towards tho other end of the tube whet* it is In the «cwd posirion* It ludfcfvatea 
thftt the vefUoeJ axial plane uf the bubble Is not pantile! to the mi* uf the collajl 
and that tho end tow uni* which the bubble moves U? elevated with respect to the 
a tia of the collufi?* causing the movement of Ute bubble from the center of thumb*. 
The adjust me nt to be made Is to bring the bubble again to tho center by vneuis «,£ 
the capstan-beaded acr owe at the side of one leg of the «trtdlrigd*n'cl. They up op. 
posing butting acettwa, and tho one toward# which tho tube tnu.nl b* moved to tring 
the bubble again to the center must ilrst be slightly loosened, The OppQitt$ Bniinr 
ritit4 then ho Ugh toned until it in perceived that a perfect metal contact hi# been 
established* Thla operation must be repeated until the reading of tho bubble re- 
mains the same In both position* of the striding*!# ##l rotative to it* normal |«**b 
tlon. This wilt also Indicate that the ground portion, of tho tube l* truly Iaim 
shaped. 

£f the level bo extremely timiitiva, it is sometime# found that the bubble will 
run slightly towards the mmc *>ud of the tube, a* the lateral adjuttnnut approaches 
pimple tion, although the st ri dine- level may have been inclined at the #ftm« ang^c 
whim in each Inclined poaSUom This Indicates that the ground portion of Inc obc 
t§ funand-sluipeiJ, and then the adjustment Is completed by making the bubble rua 
to the same ji mount when the stridingdevet Is rockod through equal angled l iter- 
ally. The effect of thi* durlatkxi of the glass vial from tho frtmil forni Is gcnemlty 
wit hi u the limits of orrorof observation with the telescope* hut aside from thi% 11 ** 
imperceptible in mo*t cases, a* the striding-lcvet can rock only one or two degree# 
laterally when it is fastened to the telescope. The Lateral adjustment is noo#*-xty 
in order to avoid errors in leveling, should the Rtriding* level be moved laterally oft 
it* collars during the manipulation of Iho Instrument, 

n u horizontal <*tyu»Uti#dtftht 3 Mdtmj-LmL This, the principal odjii stment, II 
to make the hortzoutai axis of the ftplrltdevel parallel to the axle of the OOiuA 
To do thin* bring the bubble to the center of itft tub# by mean* of the tangent # rvw 
of the telesoopc» then revense the atriditigdcvid end for end, and note wlieUier Iho 
bubble re m mu to the center- If It doce* tile adjustTncat l& correct. If not, I'ornset 
half the error by means of tho vertical oppeniug euj Hiatt ’headed ^crew* at the <■'? Mf 
leg of the strlding'lo^l* moving them a* na* born explained for tho lateral adjust* 
m*ml , and correct the other half by the tangent screw of Urn telescope, If, 
again roven-Ung the *tridingdevi>l end for end, the bubble remains In Ui# center m 
it* tub#» alt the adjustment of Ui# striding level are made, Bui it te well to vert® 
tlte ooireetne** of the lateral adju^tmt.miagalu, especially If the amount of corr^ 
lion required to adj*m the horizontal axi* of the level wiw large, and to repe# 1 
both adjustment* in the order given above until assured of their correctiieeft, 

Thf adfliitmmt oftfr hort&mM crot+rnfm. After the sUtdlngdevcl ha* Iwen Wl} 
oiljunted. the adjust men t of the horizontal wire of the telescope should next k*' npj 
This adjustment i* to bring the horizontal wire Into tho combined geometrical 
optical *xi* of tho telescope, as follows, first make tho vortical en>*#*wtrc perpwi 


ttT 

f p lane of the transverse axis by the pttHSuu described on page 48- 

Thu U tln>u placed upon the collar* and in oecnrvd to Urn fteLfiftcopo by 

*v^. of it* fastening*- The Kit?Truuit*iit living leveled up- the tek* scope bdonped 
isil the bubble of the 6trl4lDg4ev«l U brought to the center of IUi graduation- 
S|l w turn the instrument on ltd vortical axis and find, through the telescope, a fruk- 
ItiJc and well defined object, distant about 4u> feet, which the horizontal wire bisect* 
tl ■ hubblo of tho wtridlng level f» In the • enter* Thail remove tho stridlng- 
j 4iv ei and, if the telescope ntttdift through the wtandaidva* Ifr usual in the*Q 
melaiup the tdeacope and pkim*, reverse the Ude*oop<\ turn the iasUu* 
l(St ‘Ci on St* vertical center and direct the tcle*cope Again toward- the object pt*v h 
oauv hhected. Clamp the teleacopo, rej/iico ttun$trh hug-level on t he collar* and 
bftii Its bubble to the center. If the horizontal w ire again bisects the **uie object, 
IL- n.jjio* moat ifr cornel, hut If not, move the retk ole bearing the wlrsw over half 
tb* €f tor by nwftw ol the capstan headed eerewa of the tele*<xijio p aa explained In 
tbd fietdOM on l*tge 49, and repeal the operation until the adjustment is correct, 
if the tdaceope ifr not revere 1 Me through the MtaniLunU, ns in Theodolite No. 14, 
JAP ar. In most Plane-table*), the horizontal axis of revolution should 1*o reversed 
Jndfor end in 1U beatings and the plat** should rn>t U» undamped* In other m 
apod+ the process is the name an above described. The instrument I* now' in tub 
tafttuent for leveling with tike at ridin g-level, To Injure good leveling with the 
Itridlngdcvd, it is necessary Unit It* point* of contact on the collars Ik? f reo frum 
dust, U* 1ft nml oxide. 

The adjustment of the vertical wire should now he made os explained on page 
19; by fovrolng through iho *tainlanb»* or if the inttiru meat has low utaodanl*, over 
the hairing* of the horizontal axis of revolution, am explained on KM, after which 
tin* adjustment of the horizontal wire uhoEjld be examined again, and if found to bo 
dlsturi*d. the two wires should be adjusted in hum, successively, until the adjust- 
ment of eaeh is found to be correct. Kemarkn Concerning Instrument 

Adjustment!^ Part I. 

TVjffi* of th ** amtwtnni reudihn/M, 

TS* It has been a&rtimftd Iq the above methods of adjustment t hat 

the IIm> of coillinaMon pii**efr through the geometrical iron* verso nxb of revidutkin 
•if the t* lcscOi»e ; otherwise, a change in its height would occur when the toloeope 
M re v i? raed ► giving two j*ur<rfld Hues of night, of which the distance apart in double 
the distance Wt-scvn tholinuuf colllinnxion and the gaontfrtrfaal UmifflW axia. 

A n ernjr from thU source in a well deigned Instrument of modern construction 
will be very small* and will bo manifest only with short sights and in meet efl*es 
*1U b*‘ within the ! India of error of observation for hmg sight n, nlnoo the Space coin 
W d Ijy the cross- wire i% proport lonal to the distance to the object, mid will ^k*h 
amount to eensidemldy more than this error* It would not, therefore, affect the 
adjustment of tho lij*truineiit for long uightn* 

It in a I -4i a**iumed (linl the principal ojrticai nxln ooinolde^ with the goomotrUial 
*xi- : the tolt-scopa for all foous*iug |XMdlIonn of the ot>ji i-t^lUJe : that is, whether 
tlii' teioeeopc bo focuiocd on a di stunt or on n ni'nr objitt; otJierwh** the telescope 
wcut u! give incorrect reading* for objccta at different dWmices ; inor* fully explain **d 
hi Pmt I,, " Some Fuel* Worth Knowing.'’ 

I !:c ojtiftanco of thefro two eonrees of orror may bo thtectcJ by rr?j«aiirig l be 
wt of the adjustment of tho btiftXOlltAl Wire with the ntrldingdevel* using then a 
*hort sight . If the liorheotital Vrlre dooa not bisect the ni-ar object when tho 
t«<-'. opo both In a direct and Iji a reversed poaitlon, there I* tin error which 
affeeie reading* on muir points, caused by one or both of the Above mentioned 
flOttcecfr of «rror- Thi* error may lie elimlmitod with the *trldingdevel # Uy tbo 
toothful u*ort in prwiiic geodetic leveling to reooovo error* of oolliiuatlon, which 1& 
to tiico two reading* of the rod at each point, one with the teleaeope direct, mod the 
ot: with it reversed; the mean of the two beiou the tme reading. This process 

to^y used for dlnunt poiotfr If It Is lUSpected ihnt the adjuwtmeut of tho botizwn- 
™* n irchofr been disturbed This error cannot tie eliminated with a llxed level ; nor* 
^ d- might l e Mippo*cd p with a revendon lev-cj. that la, a flxe<! level acourntely 
md and graduated npon me top and bid tom (for an Illustration free else w- he re) 
*ie v* ^|j| horizontal axe* of aueb a level a re adjusted to tho IlflO of fright for long dlfr 
and liecaiwe t ho level cannot lie termed on tht IcteidifC biV- f ltie effort of an 
fftor of thU kind in shou dUtanc*^ cmiv however, bo easily el linl noted when 
«a' k sight* and foresight* are equal In leaglh. 


Tk € Etpudil# *\f /V CsMitr* md FirtW* of ike Ttl&oopc* It h a* aUo bcea , 

inequality In diameter u ill cause large «ior», If they an- of unequal diamunj?* 
| of coUlinallon will not define a horizontal piano when the bubble r.f 
striding-!* vel i% In mlw© ©enter of It# tube, although the axis of the collars 
have been made parallel to the COED blood geometrical and optical aui* of 
telescope* The equality of the Collin will always cxh?t in our IDfitiutucDti 
new, since the auxiliary and eolllmulor apparatus weed by wit linn enables* i J<5 
detect the? least deviation of theccdtais from a circular form or from aqualmm 
diameter, a ml, consequently, live collar?* will be of unequal diameter* only fruj. 
the o ffoctrt of wear and careless use, 

A similar deviation from a horizontal Hue will exist, however, although the ng, 
'id equal diameter, owing to the lEcxure of the telescope by it* own wauH 
when In « horizontal position* ThU flexure of th* telescope i* greater In the u ^ 
scopes of greater temrih. It in also iggitvaud when the tsfocope is not aymtaef. 
ricaliy mounted upon it* transverse axi* of revolution, Thtftts Uitctit to iienhi 
extent hi all geodetic instrument*, owing to thecfianjccB in the poBilion of tha«tgi t7 
of gravity of ihr telescope when f no u suing IhtoliJccUllife for eight* at different* -1 
tancr?*, or when the sun-shade 1* removed, sdiglit at* the vflK t of the weight of th^ 
Utter may 

To U'H t the combined effect of Inequality of the collar*, if any, and the Ikxiirn 
of the uth ^rojn\ a mctlkod very similar to that u-«l for adj uatlug the fixed l»ric>c<ipe 
level, explained cm images 81 awl 53, may be used. 

After the eWfdlnjf-lcvel and horizontal wire have been adjusted, as ©xplahxd 
above, oup may try the methods for adjusting the tixed-k vel. anil see whether it?.. 
Hue of ftolllmtiou u in fa^t horizontal when the bubble of the strldlngtevel le u th* 
center of it* tube. If the horizontal cro**-w ire bisect* the target win n the nd It 
held on the distant stake (son |Kige 53], then the Ur to of CutlltmiUuU U horizontal, ( at 
if there is any deviation, It may bo owing to inequality of the collar* or to a ik-xutt 
of iho talesoopo, or to both causes combined, To eliminate this error, tin- open* tor 
may move the telescope by the vertical tangent-screw until the hatbbnul will t* 
sects the target of the distant rod. The reading of the ftfHIn^tavel will t hen he 
noted by taking the mean of the readings of the two ends of i he bubble, and ibe 
amount of displacement of the bubble from Its central portion will tie the consult 
error of the Instrument, which should be applied as a correction in line levcJfrg. 
If thlacrrorle caused solely by a flexure of the tele -cope, it may be corrected by 
actually making the collar* uneqim! in diameter It* an amount which will < 
the lino of Coillmatioj? to bn horizontal when I he bubble b in the center of 1U 
tube. 

It la thus neon that wIm?o the telescope li supported In the venter only, a binding* 
level la iio more accurate than u fixed h L i-et of equal ueimiUvcnef *, antes* all of ' -<* 
above condition* arc attained. Also, that the method* explained for adjusting the 
telescope with a fixed-level, bring direct and avoiding the uec of collars and -dimt 
nating the effect of tenure, etc,, preclude the exists L^oa ef these errors Tho fised- 
levcl ha 1 ? therefore Its specific ad vantage® and a legitimate place even In the beat 
Burvcying in strum enta. 


Tiie Adjustments of t lie Telescope’s Axis of Revolution of the l-s* 
giiteer’ji Transit, by means of tin* Transverse Strldlu^-I^vel, 
that the l A m* of f^rlllmatioii >lt;?ll «io*t:rihtt a Verlicul Plane* 

Tbeoc adjustments <vuatat, flnsUy, in acijustlug the KtridliiK-Jevcl m f sw^uully* 
hi inuking the trau*vcn$e axis of ttn h telescope horizontal, by placing It truly at 
right an g tea to the vertical *xb of rev olutlciri of th^? Itk#trument hy inciin# of tbs 
tnnaverMi strldlngdovol ; thudly, in adjusting the ven I cal wire for colli tnatlon *° 
that it shall describe a vertical plane. 

7%e ofjjtuitaii’jtf q/ fAc tmawcm ifriiffit^ hrrri. In our tn6tnjmeot4i for gtntfSt 
work. whiTfl the teloftoopa u roversibls ii-nly thrcuigh th^ atsodaids, aa U Uio ’ ^ 
In the Taehymeterw, the striding lex'd will rvst upon spschl! collars of eitiial dSamo* 
tens oa the trail averse axl# of revolution, as It may then bo attached to the tvlcacops 


and 1 D 0 T* with It I and bealde# being very compact and readily manipulated, It cn* 
TjjJ* us to give the pivots of the hurhtoijUl axu * form by which greater Inter*! 

U- M-euned lor the otaudard*. and without this the udnacop* of Uu** la*ini» 
" _* |jj would not h-&MJ the required stability, 

Tbfl ntridlogdaral of the flm«t elaa# of inair omenta* such 11 * TranetlbThoodo. 
lite?* Ho* lib, 12, etc,* U*od for trlanguiatkKi wholly* uud Mining Tmttli No. £, u*od 
mpiily for vwry bleep sighting, will real directly upon the cylindrical pivot* of Urn 
ttagfrver oxb, at the circle of contact In the wyes. Till* latter method I# preferred 
f 0 r the finest ela** of instrument*, on account of greater iln&plldty and accuracy, 
although the ulrldingdevcl la then utotv liable to Injury* a* It cannot bo attached to 
the telesOOp® *nd mu*t be lifted off whenever the tcl«*ftop6 :* moved great Jv in 
altitude or when it ta to be reversed, and I* liable to fall off if the Instrument ia 
t*k*n up hastily. 

The tranavww stridiug-level in adjusted precisely an described, on page sir,, 
for the adjustment of the longitudinal striding- level shown on pag^ IHO* To tost 
the Uterwl adjustment* tho amding-tarol may tie nx-krd upon the transverse mxUk 
If it re*t* upon it# pivot*; or, if mounted upon collar* MwoeQ the standarda and 
attach od to the telescope* the latter may he moved on its Iiorixoulul axle n few 
dft trees up and dowu. Vm horizontal adjustment of the atrldingdcveJ is t»>*W*d by 
iSTcof i tig it end for end. 

The trail* verso stridtagdevol la the moat Important level of the transit, when 
the latter 1* uard for lit enuring borteomal angle# and for ranging straight lluea 
whe^ object# differ greatly In height. 

T'\' 'djuMmal of fAc Ircnuacric arM of pcwfufcon. The atridlnf'leftl having been 
carefully adjusted, level up ibo instrument generally with the platolovel#, put tho 
Striding- level in poelttofi and bring It# bubble lo the oenter of It# graduation by menu* 
of tho fovtfltng screws, then turn the instrument 180* on It# vertical nxi# and note 
Whether the bubble of tho striding -level remains in the center of the graduation If 
it does, the adjustment i* correct. If it doc# not* correct one* hair the error by means 
of the leveling screws, and the other hall by mean* of the wvo adju*lraent of 
the M Midawl. Ifrponttb# process until the adjustment Is comet Observe also, 
in a’l; listing the wye adjustment of the standard#, that it will Ik> best performed and 
iu- mating when the la*i lam# of the lower caftan-handed screw' arc always am 
ptled iu aa upward direction* 

Tn* Iran# verse axis of the taloooope 1# now adjusted for movement of tho Utter 
la a vertical plana The stridlngdovol, being very sensitive, U the bcsbknown do. 
vice for making the transverse axis of the telescope truly horizontal. 1 ho method 
aauimeg Umt the special collar*, or the cylindrical phot# at the end of the axis 
w * { ™ direr I ly on wye bearings in tho stand* rife. a* the eaw? may be* are of 
jnuftl "Unmeter*, nnd If collar* are used, Uut they are concentric with The pivot* of 
the axis- those conditions are best fulfilled when the striding-Uvel directly 
°n the pivot* of the horizontal axis, a* in the finest txianguJatJoa thtftoita. 

Whenever exact vertical motion la deainwl, n* when the objects lighted at differ 
materially in altitude* the *tridlng-)#v#| Jo such instrumeoi# &liould be dei>ende<l 
ujhoij to tise exclusion of th r ' f rout |>1sile«level. Tbo latter is theu ontlnclv Spuhoritl- 
*• th,) frfrlilingdovel and should bo depended ujK*n merely for leveling the Itt^. 
rumeut approximately* The pUtcdcvcU aro also useful la indicating qiiJcklv 'Any 
dl&Uirbancc* of position. When tha object* atghtad at do not differ much in 
wutuiK the front plot^level la, lit tho^# ln#tnirnent*. suttckotly sensitive to give 
^l^fijctonr n>sult# without using the Striding. level. Whew no eirldlugdcvcl I# 
provjilcd* tho plate-level* arc, of course, to W depended upon for ad work, and a# a 
U £k ‘ lfI uurinstrmoeoia the degreo of seualtlveue** of the front plato*lcve] la such 
a* b> tnauro Umt the plan* deter Ihed by the tcleseope shall not differ from the true 
, “ >v * 1 piano by an amount larger than the smallest direct reading of tho vender# 
or hw horUoDtal circle. 

Tht of the ttrt«nl wire for rMimtflon. The object of IhU utj i^tinent 

W to plftOCi tlM vortiu«] wlno «> th*t tlio lino of -linll bo ut right nnsfJeft to the 
ri-vintal usjtt of revolution. This operation presupposes that tho optical axis 
'* ' '’‘"Ci’wat witli tho geometriusl axis of tho focuMliag sltdo ami i.luo that this 
^tiil.lnej axis movo» at right nuglm to tho transverse axis, so that the line of Colli- 
“At Ion shall describe « rertlrat plane at all f-'u^liig positions of the oblect-xlWe 
the true* verso axle has been placed m a horizontal position, In which case. 


of court*, the projection of the lino of sight will not deviate from a straight u, ^ 
iBUftrimriiate jhjIiiu, two on i his polm 1 Suuiv Feels Worth Knowing. it u 
that the point of tiUft|«otiefi>ii of the plumb boh b in the* prukioptiuu 
vcrUiuii mxU of revolution of ll*e iiirvtr uimnl, and that the instrument to t-^rr^rtSj 
sot oyitc tor? point chosen for it* position. ™ 

Tne iwcihod of *i1ju£Uijg the vertical wire for collimacJon Is aufficiwitly jJ 
SOtlbsd 01 Tire result of this protxw 1% however, offivtcd by any s ar i* J3H 

of the Iran- veron u\i% from ~ true right aright to the vertical oxi&o! revojr^® 
when the two object* sighted ut are not pruawaly In lh*> satire kotixoniiil pli__ 
condition soma what Inconvenient to meet St all time* In the field. Th«?xvfa«3 
in Ittftrumcah not provided with a Ussavem Rtffdinfpievali it will im hc%| \ t \ 
■Select two point# In opposite d free lion a th*l arc as near us possible in the 
horizontal plants then iiiake the vertical adjustment an described on ;uigc51 f whiek 
boviWt Is a crude substitute for the more perfect mot hod a of the *tridingdev*4 
or two collimators insngcd in a vertical piano, When this adjustment is <x>n!. 
plcied It will t*? iie«*#wory in these Inurnment* to again verify the *ui|ij»iin*ai 
th« vertical wire for colli mat tort and «l*« b> repeat the adjustment of the venial 
plane, m neither of them can be made ut onoc correctly Independently of ri* 
other. 

The adjustment of the vertical wire of leleeeo pe* whoso tranu verse axis Is pro- 
vlded with cylindrical bmrii gu idling in wycu.ua in Trat»ft Lt-Th cod o) lies Nos, Ji ms,j 
12. etc.. may be made by tho same prove** of reversing through the simulants, ur 
by the folio (ring proceau, which i* the only one applicable to Instruments having 
standards. such ns Theodolite No. 14. ^ 

The process k us follow*. Level up the instrument approximately ; clamp ihu 
plates; set the vertical wire in a vertical position by the method described on png* 
4h. Then select a wcllMjefined dihLarit (N>iK«t and btaect it with the vertical wii® 
Next, lift the tcJeSoopo mil of Us bearing** and rvvcrao the IramrreriHi axis end £er 
end, tc placing the ax fa iu the bearing* with the tcleceope pointing in the kiiho 
direction as before. If tho distant point In again bkncelial by the vertical wife, iu 
adjustment I* correct. If not, move it in the direction stated in the footnote u& 
page VJ, by nreans of tho capstan -headed screws, onohalf of the distance betwrea 
its present position and thn point previously biurctcd, and repeat the proceed until 
tbo adjustment is correct. 


TV 1 */* of thr assumed rtmditionM m 

In the foregoing exphumtian of the adjustment of the transverse axle by meai^s 
Of tho stridlug-Tfr'm rearing on apCcild collars, it ha* been assumed that the apocMl 
collars are of equal diameter* and that they arc concentric with the tcl^acopea ux « 
of revolution. Now to whether the lino ot oollhmilkin move* In a truly verllril 
pbme. alter the horizontal axis of revolution bn* t>ren adjusted to lie at right angle* 
to ti^e vertltal oxbt of revolmlou of the Engineer 1 * Tmtirlt, proceed Uiuii': — 

Having previously verltted tho adjuatisent of ths SUidlngdevCl aijit by it that 
of the wye adjustment of the stamlard as well is that of the vertlcai wire for colli- 
mat Ion, set up the lustrum eut aa near to a chureh wltli a spire, or a buikllng with h 
well dell nd object elevated auflkdcutiy to require t he tefcacope to move thr«ug> an 
altitude of about 9il 4 when It is elevated to the ohje* t and depressed to the baae Of the 
building. Now level up the instrument, bring lire bubble of the etrid log level to the 
center uf lie gtadnaHon, and with the plates el*tu|*?d bitiect tJie object at the to|v 
then depress the tcU^copo and find or make a mark at the base which i* ab<> 
bteected by the vertical wire. Now reverse tho telescope* tarn the InMrunwnt la 
raim- it h and with platen elamped again bisect the elevated object and upon ib*pfCH*> 
ing the Ud escape tea w hether Ute murk at the Iwiae i* also bisected. If ao, the adjust* 
merit of the lino of collimahon for motion In the vertical plane by mean 6 of the 
at riding-level i* correct but, if not It will show that the collars «re worn and that 
ocmcdoQ of the difference luud i>e made by mean* of the wye adjustment uf the 
etandard, over a iiulo leas than one quarter of the error, taking tmre to make the 
ilual sdjuatment by an upward movement of the capstan -headed aeren-s. Tb*a 
repeat this adjui*tment> and And or make a new' mark at the base upon each sue eef* 
wive trial when the Instrument U depweoed, unlit correct 

Now note to what extent and towards which collar the bubble of the striding* 
level ban moved and make a memorandum of It so that It may be applied as a cor 


xm 


if«, ui'i ni)c t tsiui«d by un^t^l wear of Uioeollink orby an unequal 
,!l ' r i L>l itk<n of weight of part* attached to the hor#*i>nu*l axlaof revolution, or by 
^ adjustment of the vortical wire for eoUlmuUOH — or by all three mm* 

jf a,j Krroro from tills source can iki lit? eliminated by the usual uk?IJhhI of 
■arrii'tf ttm Inhtrumont and telescope ami taking l bo moan. 

^ flvxiboti teat can uM<> brat he performed by Um* hm? of ooHimaUjr* imtitsd 
1 ^, vertical {plane, eon <f Tlm Collimator Apparatus." when of eour ee tin; iti<*efr*a 
- the sameae lust dortribrnt* 

' [ n _ti^il of being obliged to find or umko a mark at the base of a building in 
lpr to test the oorreetoe** of the vertical adjuatnwnt of the wyes a true rcrfioai 
' r fl> , u| A y be hud by the u*e of an artillcUd horizon* 

Hurim. ThU may be made of mercury placed in a shallow bowl or 
or Iron (*»*i page 11*4 J or it may be made of mobMiwUy or of oil mixed with 
£ 0e ! v powdered Lamp black • or It may be made of plane parallel glass suitably 
— ■ d on three leveling eciovre, *o that it can be pieced In • truly tu^otil pud 
tioi • , * v i iu< atm of ftMDelilweplrlt-Utvrl. In U** absence «'f any or tbeso a l«i v lwt 
full of water inuy aemt the purpnec*. although the &llghb-»t air currents will cau*o 
o lijipk in tho water and make observation* more difficult 

l\i tc*t the vertical adjustment of the wyes with the aid of an artificial horizon 
ptoi'^v d thus: — 

17 itjiv mg previously verified the adjustment* of the stridlngdcvd and Instrument 
ret Uas a^ar to an elevated object caa be conveniently observed. place the arli- 
Untal horfoon within s or lb feet in front of the Instrument ; imtl up cwrcfullv mid 
btiu^ the hubbio of the MrldmgOcvel to Uu? center of It* graduation* Now, If with 
ptau^ damped, fhe vertical wire blio'ct* both ibe object and Its roSoctkm in the 
Jrttilv-U ho r toon, It H proof that the Hue of eoULmatfOS UeS In a truly vertical plan.'; 
boi If not, remove half the difference by the wyo adjustment and ivtjsjat until cor- 
run;!, Now uiukou uicuiontiiduiu of tim deviation of the bubble of the elftd Ingle Vel 
as iHCptalsed above In order to apply it as a correction in precise work, 

Wuil.\ with the use of an artificial horizon* It Is not actually necessary. It will 
be wdt to repeat this tost with the tdoMopd in veversed position to see If the object 
and it* reflected Image remain btaetad* If sot, it will indicate tluU the Instrument 
hi ■ not been properly adjusted before the teat u ns made 

f .4 o/ (Ac e/ Me CyJindWrol JArofn o/homonfu/ttrw <^rcec 4 «ffcm 

of the ragancm utrfdiHp-fctit rrMing ut cirri* e/ omfori in tr|jr«. Carefullj level up the 
huft&r :ment by the plato level, Nest verify the adjustmeata of tlie transverse strid- 
ing level as crphuued on page and then make the wye adjustment of thv ntuiiiUrrtH 
by o' i i rslug tb instrument on iU vertical center and, removing half the difference If 
any rnul repeating this operatiou until tho bubble of the striding kvel rtuiaius in the ecu* 
ter it* erode Athni. Now itniorv th^ strut mgdevel, and ii|K*ti reversing the tdettoup*'* 
ai -i .»f revedulion eml for cml in the lieanugs anil pUc irm the KiridlikgdrVt‘1 again aw the 
plToy.aoUiU each end will be on the same side of tlie staiulard priVlMlsIy occupied l<y 
for*! the telescope wa* pt' versed in tlie bo-aring*, If the bublile 1 comes back to its 
o#*i-r. If &h the plvotrt arc of cq«al diameter, but If not, remove half the difteiv rieo by 
tliu wye Adjnstmciti unit note to what extent and towards which pivirt the liobbte of the 
van lingdavot nrove* and make a mcmoruidufn of it so that it may be applk^l as a cor* 
ftetliHi In precise work. 

The of the equality of the pivots lit the oirclo of contact in tlie wyes when 
tie* udsscQpa Isreveratbla over the bearings may also !»e made by any of the methods 
oipbiioed ht tlio precvsllng paragraph fot verifying thfi adjUKtincct of the Unu cif ool- 
Ibu ion foregoes motion in the vertical plane. In this case, after the horUontal 
avi h Ins been a Iju^l for the vertical plane with tlio tchwopt* In the direct posi- 
tion, It Is on* V aecesaary to reverse the teleooope over Us bearings, without imclainfi- 
h‘g thi) p)i%te"a, ami to repeat the test for motion In the vertical piano. If correct 
the pi void are of equal diameter*; but. If not, the InequaUtr amount^ to ono-half 
of the deviation of tho line of oollimalkm from the vertical idane, and for h*wt 
tnsults In very steep sighting. It will be well to rwvon&c the telescope for this pur- 
p^ io -,nd to nocept the mean of the tw f o reading a#* tho true rceuli. 

On the Cither hand* however, If the 1*1**00310 Is Intends! only for reyanwil 
through the standard a and turning the inutnimentou Its v*wtleal center, as all our 
Tr^nvdbTlWodohtcn do, then for good rcnulta after the cylindrical pivot* am worn. 


in the »no*t prod so work. Such 4evfarion% while sever existing In our new 


the should bt» made onlj with the toieficopo In ft* diM and * 

jK^ition in the la*! rumen t ami by the striding*! sve l akito\ that tt» If ihc 
directly on the pi vote as shown m No. 136, The telescope must then not be raw?S 
ever Ihii bearings. 

lu Transit-Theodolites having no stridlng-levcl the wv« ailjiiMvneiit of 
dar«KufU'r the pivot* at*' worn, muitt he nuuiconly with thi- telescope in 4j f *Z 
po&Ulon *h explained above and as explained on pagi* M for the fcn gl n ecrs ‘ i hnudSB 

If the TrAmdt-Thcodallto k&a a KinrfJng4cvel rioting on special cnllnra (a* \ 

of Uic-.^> irudnimem* are mad* by u& for the sake of greater oompaetix L . H 
portability) and the pi veto and collar* have become uncsiual in diameter train n, i r 
and tear, then Uielirtinwmit should also be treated as if it wow nomrevendblc ,, v ** 
the bearing* and the Wyo adjustment nmwt he made n ith the telescope In the dim? - 
poeftfon only by any of the m et hod* given for the vertical Adjustment of the ivy^ :il J 
after completion of the adjustment thii difference In the reading of the atruhag.iAv*! 
•tumid be gotod, etc*, for correction n# already explained. 

i if ©oura- in making any of the** ie*ds for equality of collars, pivot* and venial 
adjustment of the wye*, it is of the utmoei tapoit&nra to have the Instrument hjUam, 4 
a* the maker Intended It to be. as w ithotil this none of the above test* can be n t .»»k, 
ft will not do for instance, to detach Urn vertical circle after the wye adjustment toil 
been inode with it on th- m>Uuim + jit, nor will it do, if a solar ntuiehimut or a -ij r 
telescope* ate, lias been attached to the idescopehi axis of revolution, to suppose that 
tho <X>un ter poise* made for each can be indiscriminately interchanged or left off at frjf 
without disturbing the equipciirc of tho instrument and its AdjuflIiuenL& All theft* 
parts bear a strict relation to eacliothtrr ami cannot therefore hi* changed at will without 
Jlteode ranging other existing ocinditions of the greatest Important* fur a sueetxiful 
working of the instrument 


App«i41i to ti* t>nfrl|U«n of (fct Jtd)*«1i*fsU of th« Tnni^rv ittrUiiriLHii, 

Tho above have been given in great detail to create a familiarity with 
this subject, on the pari of the Engineer, that be may know the proper method lo 
Altnhi results consistent with bis Intention** It is important to realize how much 
depend? upon the degree of sennit ivencs* of the apiritd&vf J* uacri, and upon the 
power of the telescope to reveal alight differences in its pointing* The utility of 
the aUidiogderei in the finer instrument* will ho beat understood when we coosldf? 
that the method of reversion t so useful Id delecting amt eliminating errors of 
graduation ami of colli mat) on, U useless In detecting or eliminating deviation* of 
tho piano of motion of the lino of oolilmatloa from the vertical plane poking 
through the center of the instrument. The adjust moot of the vertical wire fde* 
scribed on page 49) causes the line of colllinallon to move in a plane perpendicular 
to the buriiojital axis of revolution, and the vertical adjustment of the standards 
described on page 51, renders it possible lo place that plan** in a vertical poeltihu 
as nearly as the degree of *andtiv©neti*of the front pinto* level or the el tiding- level 
will penult. The actual position of tho plane of motion of the line of coLHthiUon 
being dependent upon the levda, a want of sufficient scimltlvoDese In them will 
Catts* the piano to deviate from ihe vortical plane patsiug through the center of 
the instrument. The angle betweertt tlie*o plunss the graateat angular 

amount ef deviation that the line of coll I mat km can make with tho vortical plane. 
This occurs when thu telescope Is polo (tog vertically upwards or downwards 
The Angular deviation of the Line of coliimaMoti ftoni tho 'vertical plane I* 
when the telocope is I tori cental and It increases as tho telescopo Is more and iuof* : 
UkIIiuchL 

tV lien a horizontal angle Is measured hetweon pointa ao nltnaud that the tiJo* 
scope dix’s not need to Iw changed in altitude during tho observations, each point* 
ing deviates from the vertical plane to Uie same amount and in the same acR?e anti 
the error is eliminated from the observation- Thl*, however, b rarely the coACt 
and w'hon the telescope is changed In altJUjdo during a sol of obser% p ations, a de- 
viation of tho line of coll Inal nation from the vertical plan* Introduces an error 
which cannot be detected and which cannot bo removed by repeating the angle. J 
and which Is greatest when one pointing U mado with tho Udcseopc hoilstonuB 
ami the other with ibo toltwcope vertical* which can bo done with soma mining 
transit** 




m 

J irfio above reasoning assume* that the iteviatloo of the plane of motion from the 
plan* L* COBH toot or can bo maintained constant during a set of obser- 
v i In* 1 This* bOWWiTt Is far from being assured In ordinary Instrument*. The 
m ,>f the lit no© Of mouoti depend* upon the accuracy of the adjustment and 
PJ* the degree of eonalllvtimfi of the front plato-lovel, or of the airidlng- 
■PS Theft nensitlvenos* should therefore bo such that the plane of inotkiD shall 
1 Sflviate froi^ the vertical plane by an amount Inconsistent with the degree of 
expected of the Instrument* That Is to any* level* whose ocasUlvcncii Is 
Eatable for an instrument rending to ttlntitCfr would be liifrufllelent Id nenaltive&oaa 
ttr an instrument nadloe to tea IMOAds. We have seen case* where the more 
^njiiKify Kngteeexa # TmnnJt* were provided with front platelet?!* which would hard Jr 
iXcawJlW mliwfc* of orr In an Instrument reading to thirty With such 

° iiifiniu+cnt the piano of motion of the line of cohmmtkm ennuot therefore la* can* 
irolkd within live iu I nines of «urc» from a true vertical plane and all horizontal angles 
by it are influenced by the uncertainly arising from this defect. 
u flic importance of knowing the degree Of wnritlmwa* of the levels of the finer 
instruments le verv great and on this account, It is usual for us to send with inch in* 
JjLnirjifc a statement giving the v;ilu* of the divisions of (lie levels In seconds of are* 
fi |P *?n*iU*en#s* of the transverse striding- level la made much greater than that 
of tl platelcrelB* and In such hiefiruukriitif the latter sen*? principally to level up 
*nnn>SilmJUely* Its ^reaicr sensitiveness is of r&peciiU importance In Mining transits, 
. |. fighting is the rate? In mining surveying* 


Tin.* Adjustment* of the Are* or of the Full Vertical Circle with 
lima file Opposite Verniers. 

In the Eoglnotir'd Transits provided with an ate or full vertical circle* the ad- 
jijfctu -. 1*111 of Its vendor* to read zero when the telescope aud pl&teB are level (should 
t*} at* described on page 50* In order to make the Instruments serviceable for 
reading vertical angle*. 

When the vertical circle Is, however* provided with double opposite ranieni, as 
shown In No le* Style 0. pago 147, or as In Tachy motor No. the adjustment 
of the vernier zero# for a normal ; Million should bo made by the two opposing 
capstan beaded screws attached lo the vendor frame; but IF the telescope u? rovers- 
I bln over the bearings uim\ requiring a separate tangent screw* as shown In our 
t'nivor^slt Mining Transit No. k. and in Transit Thcoikdltesi Ka lla and No. lib, 
then the adjustment of the vernier zeros fur position must be made by the vernier 
frame's tangent screw. Kco*' Instructions for (?Mng our Utiiveiual Mining Transit/* 
p*;t* 177. 

If tfau vertical circle has a scpArato level attar lied to the frame carrying the 
double opposite vurntere, as shown In Mining Transit No. §. and In Trans luTheod* 
elite* Nos. Ila and 11U eta, then the adjustment of thl* level and vender* for 
position must be made cu* ite?ertbed an page 177 t SO of w hich wo will repent hero 
much as properly belongs to this subject 

1*1 ace the tswecope in the harizoutal plane by mentis of Its tangent screw, than 
move the vernier frames' tangent screw until the zero lino of the double vernier*, 
(narked A* is in coincidence with the zero line of the vertical circle, and now raise 
or lower the adjusting screw of this level* >u the case may lie, until (lie bubble Is 
In the center of Its tub-;. 

It Im now supposed that the zero Hoc of the double opposite vernlenh nmrked 
Bt I idwi iu coincidence with that of the vertical circle. If not, the vertdeni 
marked II enn 1m* moved after releasing the capstan-headed screws, until both zero 
ftnea on that sUlo of the vertical circle are also In eolnridejwM?. However, Udo In a 
very laborious proceeding for those utdiiltEnted in tldn work* and as it cannot 
a i wavs t>e made quite exocU owing to the mode of mounting the vertical clrde an 
ih-> telescope 1 * axis, H will be found easiest to eliminate errors of oicot tricky 
In the graduation of the vertical clrde and vemlere by revere! ng the teleeeopc ami 
taking the mean Of the reading*. The vertical circle i» graduated from 0* to SO* 
An 1 1 hock* and the verniers are double* *o that migka of elevation and depression 
oaa bo read with code and dispatch. 


t(U 


Till' mrnts of lilt 1 Auxiliary Ti'!t»M*opi i s uf Mining 

Transits, 

Tilt' DetJidmble $|tta-TrfcM.'np«% 

Tbla telescope, illustrated ua page SCI t its ordinarily inudc, in attached to tkJ 
t ran a vet bo axis of the mam toleecppo by means or a huh, which I* xovnod uj:on a *^9 
ionptfen of thlauxi* beyond tho >-Utriitu* d*. The huh ciMitalns an 1 n r* ^ (Jr t 
xonUil axis upon which the f4d<vU*li?$C{ipG may be revolved, and to which It t&ir 
damped' Tho aidcdglcftcotw te usually eet parallel to the undo telescope, and 
rag iu the futmo direction, but it ma v be ts-^t <*o that It la Inclined at a given vcruJH 
angle when tho main telescope is horizontal, A counterpoise is attached to the vtbtr 
end ol the transverse tixbs o! the main tdafitiope, so as to balacc*? the weight id the 
sl^t-ieleMOpe and retain that axis horizontal when the Bfrdo- telescope is in uae, Tt5 
sid<Vt£la£COpe is mainly intended a* an auxiliary In measuring vertical angles, and it 
is on this lioeoant ihnt Urn simple means of attaching it to the t ransit, hero described 
ha» boon adopted by us ns suftichmt for Hue purpose, although It will isi v*ry nJOt- 
cult to plnro its Un<‘ ( >f coJHmUon truly parallel to Clio main telescope for *11 hw'ij*. 
sing position* ol the obJeci-*jldo* Whan tor accuracy ami grater pgrmafl^ney 
in tli*» adjustment* ara desired, our Universal Mining Transit Kot B, jiugv n^, 
should bo ohoscu Tills has duplex telescope bearings, one set of bearings h li^g 
t inned e.vceutdcaJly.aoaa to permit of vertical sighting up or down u ahuft with th.> 
main t*k»#cojie (done. 

The adjustment* of the detachable siduvt etc scope nrv* ns follow* : — 

1. To place its vertical wiro perpendicular to the trnnsverse axis of the imitru, 
moat, Attach tbo *ido-tcic*eo|*» mid the coonterpolw to the transven-e axis. 
Ctmu p the ftidobdMcope slightly to Its huh, bl*i«et a point by It* vertical wire end 
move the main tcleeoopoon its Jiorteoatol axlaof revoiuHon, "if the point rvniiH 
bUncted by the vertical wEr^ of the eide-lele*cope throughout it® entire length ibis 
adjust i o an t in correct, If m»r, loosen the capetan-head «1 screws and rotate tbs 
reticule t^Mtrinj? the wire;*, it* explained on rag 1 ’ “J^ f until the wire bisects the point 
throughout Uh entire length, Then slightly tighten the capstan -h failed screws 41 s 
explained in Some Itc marks Coucwnlng Instrument Adjustments; *paj^ *Jt. Alsu 
see footnote on page <IV, 

2, To plage the intersection of the CO a*- wire# of the sldMetsOtiOpO In its lino 
of colliniAtlofu This may be done hi seven il ways, 

(a) The sldo-tcteaoojio being detachable. It could be adjusted by rotating It la 
wyes, were any at hand, SitoE wyes, ns we have shown before, may be Iropifr 
vised by cutting t he proper alia pea out of thin wood, and fastening a pair of li«ui 
to a board in uu 11 prig Jit f position. The distance between them should be »odi that 
the teleseojie may rent upon the outsiilc of the mounting of Uie object-glass und 
against it?* shoulder where the cup U placnvd, anti upon the tube near the eroM* 
wires when praeticublc. Tbit improvihCil vjw being placed on a 11 rm avippoft 
and fastened so that they will not move, the eldo-tafa^cope may be n>volml la 
tin m, and the wire- may is? placed in the line of eoUimaUon m la a wyo-l»?vel, nsJog* 
a dUtaui point, 'Tha boHiontal wire, being the tooro iuiportatit one in the *dd#- 
telescope, ahouUi bo piaeod w ith Borne care, 

0» Tbla adjustment for colli mation may be mode without rcnlorJng the ^ido 
if for the adjustment of the horizontal wirt% a small spLrtt-lov<?j # moontCO 
on a metal base, similar to those describe'! on page 137, Is at hand. Then proceed 
thw: 

Adfjuttmfid of tit* honzi'tni ii wire. First, level up the Instrument by its plate 
lev<d&- Then, placing the main telescope in a horizontal position by its level, 
find a well-de lined object, such as the target of a leveling rod, distant about 300 feet. 
Now clainp the sido-udcswpc when in a nearly horizontal position to It* hub n ry * 
placing the auxiliary level, which line Won previously adjuetod, loogttudloally ^ 
the *idc-teIe*eope bring He bubble to the center of t',ic tub*> by means of the tan- 


* 5<fe& 4 v.’l imcoird ill a nC irm, truar, *.ni (wd cn4Mj^ fee lhi> fufpjw il urrluify telfCtS^I 

b t bcoj^t in juay cZ Lb# 1 *mim ^vuij-f+it tiire^w u<mh 
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jH jgtnw of the main telescope «ud uoir. by turning the Instrument on ita vert leal 
Ciitf'r If the horizontal wim of th* tuikstoleweopu bisects ibc object or utgct 
V,* If r*\ llili* adjustment U mode, but if t»oi it rauat be completed by snoring Un* 
a zL\ ;: , i ca^iialMMel Ri’rcvm a* explained in toot-ivott, p«p* ill. 

i o verily ttota adjustment, tbo afdc-tolfvseopG may to reversed on It* hortxontal 
^-u <if revolution ami damned to It* hub when nearly in the same level plane. 
V f}, tom the JnNtnimenCa IHUe more than IK ) 4 on Its vortical center, place the 
auxiliary level on the 8 tde-tde*oope* same at before^ and bring the bobble to the 
ivtitei of it* tube by moan* of the vertical tangent aercrw, if now, when the * idc~ 
i* in the reversed position the horfEOntaJ wire Idsed* the object aUo, thl s 
fttf a-’ mont i* completed, but if it doea not then the hftrixemtaj wire mum to moved 
agir n to a point Imlf-wny between the two rvndingp, 

• Thl* adjustment may aUo bo made by the Auxiliary level alone or by mcami of 
a ntri'liiiicdevel wlth«n tlie aid of the main totaocopc. (See adjustment of the 
iMriKtifital wire of the Engineer's transit telcecope by mentis of the longitudinal 
^ridingdevel, page &‘>) 

j Ji /ifincnf Me WTfioef in'm s#iect a well defined object, os n ehitieh spirit 
ilfe 4 A£;i ft or <i mile*. Bisect it with the vertical wire of the main telescope, ami 
Aitlioitt moving the iuetrum cut, look through Urn sidod^jh^copa aiMt note whether 
tli ii t> -joct h also bisected by it* vertical w-lr\\ If no:, malm the Adjustment by 
moving Ite fllttaal wire by the horizontal cap stun -headed screws, until the object 
Is hh^eUKl atso, Tto distune* between the two telescopes being only n few 
fpi'l - . the vertical wires will cover so grad a width* If the object be surtlcJontly 
dl&i - ‘ , that the effect of the cxcen t rlcf ty of the able Metope will to almost. In*"* 
peri^ptible and the same die taut point may be used for each telescope. 

I (cl When a distant object H not available, measure with a pair of dividers the ex* 
ticntHctty of the side -telescope, which in the distance between ihe renters of the two 
It - upon Then transfer U to the face of m wall ns fur distant as fimctkabfr ami 
bh- vm tnurfcs wlino* liotimtital distance apart is equal to this excentricUv. Ill see l 
one of lima* mark* bv tba vertical wire of the oudn telescope ami thru look through 
tin; • -te*'4cof»0 and no tc whether tbw Ollier mark is bhi'eud by ila vertical wire. If 
am, make it do so by moving the crao-wtxws of the aldetelempe a* described on page 
lit The direction of the line* of sight should bo at right angles to the surface upon 
Which the two mark* arc made. 

ihe position of tto side 4*lti*tt>]w with respect to the main tdweope shonld Ik: 
assured whenever the former i« to be used, This may bo done as follows : find a mark 
Hist is bisected by the horizontal wire of the main t ttocopc . Then turn the irtstru- 
inrnt on lu vertical axi« ami notice wl^llivr the borirorual wire of the slikMelcnetipe 
biv rii the same mark. If so. linnly clamp the nide’ieleaecipe to its hub. If not, 
gently up one end of the nde4de*;oj» f which hitherto 1 ^ only been tocidy clamped, 
imul It# h>»rixantal wire codncxlvs witii die mark and tlwrn clump tfwr i>|(lN«m40pe to 
ilii huk TIip teio*oope* arc now wt to comspcmd with the x^tn of the vertical dick. 

To plitcv Uir telcaeopcA at an angle with each other* Level up and II x a imurk 
wt- n the mwu U'Mco|k> La level. Then ralmt or depms the main telcacoi>etlu j tv^ulml 
ai and cl :u np Uk^ hot 1 joaitaL axis. Xo w move the * Mc-t c le-ox>t* until its h orfxon ul 
V't*' bisects the mark amt clomp it hnnly u* luhub. !Htrii*u an ^xiended opera t km m\h 
thi sldoiteleaoope, the rdatlv*' p<i«m<iA nf the two tekacopea should be vetifled fn>m 
t,> time to detect any dUturbetncc of the aid ^telescope. 

Avadh A/in'np Mr b-toeojw mouAfCd at tht end of fAe A <xrt> *)f r*x* jfu- 
Min .4 re somctiEnc* uned in mines; or, as shown in the A It.* Axiuiutbs Ntw, l"a and Ihb, 
this < onsmictkin is used in some iuitnuuruts for geodetic nini smaller ;utroi> «mical 
Work. ’Fhc «ljuKlment of such a telescope for contention may tbercftine be cxplainc<l 
to this conooctton. The followteg tucihu<i is us rumple as any : - 

Sfh'ct a wdl-drfintd object, as n chumh-spirr, distant at least 5 or d mile*. The 
-datiuBwnt lH>[ng U-veh^l, Inwrt the object with the vext icitl win 1 and r^aii the vi-rnhrM 
Qt lb* t w ri w iytel Itmh. ^Hicn turn tbu venaler plate so as to n^aii exactly IWb' different 
frfjm the previous rcmtlng, and revolve the telescope. If the vertical win* U (MljuMid 
for roll imut ion it will agsiln bisect tlw> distant object, since the sjo co covered by the 
cr ■-*- wires on an object ul sueli a distance will to much greater llnui the change in (he 
poxi'.kin of tbs tdescope nn cammed by its exoeittHclty from the center of the Ins i nun enh 
Hit does tiuc again based the object, cornet otwr-haif the enor by mean a of the horh 
tentU eaprtaii.headtxi screwu as explained in the footnote on VA 


The adjustment of the horizontal wire for colli rnftttoft may be mode bywlfMAl 
nue of the method* heat adapted f>^r * particular design of tel«900p<v aMtefecritg 
on page 70 for n iid—eope provided with a fixed bool. If (ho telescope bn* a totra 
Indian! >itrUlfn^l<Tvd Llib adjustment should In* undo bytSi* method explained ll14 
page 96, . k . 

X]ioao two adjustment* sbouli! he reflated until l«oth are <x>irwi 
T«> inwuwiro the cxecntrielty of tho telescope, sot Op the instrument a* near 
n uaii or other vertical object n* possible. Dnv a horizontal Iln* upon the wall 
at a oouvctnicait height. I^>itjt the tdraope exactly at right angle* to thn uuU f 
mark where the vert hr* I wlro intersect* the lino |o*t drawn, read the vernier* 
of thn hnriaimliil 11 mu U Turn the vernier plat* exactly 3H0 fr . involve the 
and intake a s^vond mark where the vertical win* now interact* the line. 'i ho dl*. 
tanee between these two mark* wlU be f^iev the exeeutrielty of the ttilfttwpe. 
When using an instrument of this description for short sight*, it i* very 
v enjent to 11 M< sighting pole* with exeeulrie ter get*, or an offset at the foot of th 
[n|t corresponding to the cxecntrtelty of tin* tt'iiwojs*. 


Thi* Auxiliary T«|i-Ti'I«*hc-ojk% 

nfljvrw4f<i hi tiw ImU rcfciM**t»1e JH^iUfcry Utowiij*, riflrm l *«0 II. 


■ ■ M 1 

THi* n^wliiry, k» t#tr*<e^b ^ &* «. »i» ■ufciHfd la idh»*»*As 

feted ei rJic xi jin kkn»i;f, *e that t»>*h lln-r* »ithl omJ4 be irtiik jiiralUi. llif swRl't «l Inc t«fi 
u.Diif 'aj.* haZasooi by i (litRicr^iiK jfltMlftnl to *i** pfractMlIy ived to tli* awwat «Jn( 1 

* I _ _ I*,* .HU (U (Ui.knU 


trimiM. Wfetfl ih# H*> t*U « **■ *,n r«t itUK l( wh ktfH ai ctr Pinnae*! t»V. “Wle «ift4A«U 
cKjntcrpw lien am wtait^rlr Titnl In &* oat tdocaec ***A ifiMfnfliwal mxA Udw* Jdrolff«i*, 
ThU 4 u:urj nuik tl« ta KWl W H OMlilfViW irni inwirtfe fuf the owe "<k in itouv «*! UlN 

» (ur «fiu» week, 

T H* bpnwmii *t«*i ft T%i tantttacei by u* ut 

nn wjuii object uesicil t» h* ■imjify !i« ilrjddk’ jiimIIkt Ih 

fctfl irlkie, m! Jft lulmmnl l-I i 


In* (wf rtdwit week, . . . , _ , . jj 

TM» ttil JViatnl *tnrn ftrii iirtnid^twd fey m wii.erWcd ill «k<c fnrwit U lop ItlcK'iiw* i^Jnit 
frttwrn nfcnMc Miin obktt Htnid to N in ilriddb innd*r; l<fc*CPf# ibcrir ibi huip oet i ititit . 

meivul arllcir, wji jti yxairnmTii ^ » U* ih* forpiM of ilccp- «*b1lM Hot u, f ^ lin * ,rf 

ut >ucli i <» "#v*r |m fJacad eulr at ii*hl iniJei W «* CMWiiiiUoii 

m ,r* in Atraiy vinticil plti»f-lKrf*(«r* Kioninui aaMnflbliws« pent* dnfmn^ pr«l| r~ 

Km cvtft dnun« nr irm utwl. 

Ii . ji, hr rtathlv tUo dwr uJmtJK ^ i l Otnwwt « wrtiaa ly trade. t*> n^i: 

nt Ittitni] idjoktiKio w»iHf iMl* « itMfbMU* re*pwi [e» »««a i*iik to to* &o**er *j- 

Mp«mM CMItot necl the rtm iSnMtt i*nf*er>y. Ihx ty whkh lW linr ni njlNimtiM »t t 

I* uii<«i in d# unx riiiiui j^uti n iHjt nl im ituin Ittnctpc H i* ImpffltM* n ilui *f 
tl»e mam ItwcH. a . . . . 

A tut* ^a^uwfii *hd rfwUcal d+™ Kirin^ ill of iKn atylr, i. e„ J 

*</oilnKOa- l:ne «l cultmitiue t-iwllel !<’ ihH <4 ibe miin tokwevpe, m (Hil i*-* *v* 

i/tnifMWrv i/< ^r/AjU'MVH/f nki 1 ' mr mi siiMnlinfiuf i« »**, kJtx<<?« rn ir^.M 

ihiTJiiil iiikb. TN*e**We* ihr «npmr t« read l»jniffiUl mj£ki »t* * «» main trlcMufa; cWM 
<Md r ftrtiiBn* Ihr miking lifcvirtdsu (of ikf ecrwniiititr id ihc tel«cof«. 

I‘;il fill AdjostnbU‘ Top THrwnin*. 

ThNdtnloe i*on*ist*of tui adjustable trivotaml nn aualllafy taloooojw (sea j>«g 
Iflg) mid an o^n oerttrul pillar, which tahi«r acreage to a threaded stud eu^t ouo 
pofftiatieotljf *edirod to UifectfO^txb of the innin leto-f’Ojio, When not nee*.h 
the auxiliary ud**rope mul its ooaaterpolse may bo returned to the host anti tii 
lu*trum4*nt Is free of locumMUJioe*. savo the ^teiu f(it the counierjk>i anti tb 
stud to w ill eh tin* central pillar carrying thottuxlllaiy talrtwopo Is altar hod, sai^l b 
ready for nurfaot* wi>ik. If doalmd, the top telescope may he eutirrly unscrewed 
from i ho central pillar, leaving the latter attached to the malti iete*eo[i^. 

The Adjustment of the Auxiliary Telescope u/ted os a Top Telescope: 

It 1* n*«iim<*d thnt all adjuettuerit* of the transit pn>iw*r have heen made, that 
that the ]>lau* and Ur1cftOi|ie levels, the line of eollimnUon, the vertical plane, eu- 
have been verified and corroctad, and that the verniers of |ho vertical circle ren 
svero when plate* are lovalftd up and tliat the biiWik* of the tclofeeopo levol la in th 
€»etjter of IIh grAiluatlon. 

The wfjmdmmt qf iJn* (btUmaik)* of At* jitiur# : Fir*t examine t 

coincidence of the latoracction of the em** wire* with the optical axis, TUI* m 
bo dona hy ri>latlng llie tclcMwjKs in Imfkfovlsod wye* of w«od (see j*. 104). or h 
roimlug It" in the socket of the pillar [a* sometime* made by u*j by unscrewing 
one turn, whan the adjustment 1* made by moving the capstan head' 
screw* ns daaerttttd in footnote, p, #. The tsloftOOfiO ttm*t now he wtnal to it* 
bearing In a manner that the er«>ia-wtrca are parallel 10 tho&o of the mu 


ho verifed o* »x plained In ■■T« malc» ti>» vertical wlrw pertieinlUu- 

lur ii- iho plane of the horizontal axis," etc.. p. 

. OfUf fk °- r th * ***Utent Ui€**p* in tkt mme wttUc.nl ptew 

W#* iAf °/ Mriurt Htotil a distant object with Etc- wtkal win- of th* 

W** n ujl^rope; aee if tin? vertical wire of the auxiliary telescope 1 * 1 ^, biwU tlie sain* 

FT i ****wp*>* 1“*" «* <h* pair of opposing nUil^l * 

bewM * **** aiUchwl to it* pillar nearer the eyo*mi until tin* distant object U 
*** lt1 * ■* lh ? !* m f b y ^ '>« m 1 wire*. .Vow focus the mum tek-^i on a 
n^ur ohjtsi ww act? if Urn vertical wire of tho auxiliary tek^ip* bijrcts the mhiia 
pftnl W tw WtMlt Wire or the mrtin tdcjcope. If nut, make the adjustment hv 
w*** ™ of ftipauta ti^td opposing screw* on on< side of the adjusting 

tnv- Es of the pillar. I iren re-cxainino tieth wire* for coincidence with the dlsumt 
obj^ - . udug Uw luilkd-li^vlcd screws, and also repeat tho adjustment for near object 
if n<v^**xir>\ The two line* of coMniatlon are now in the name vertical plane* 

/o CAc top ffVe*o*pc jo fAnj WA AortamAii mfrre Atori/Ac same dfjfouf 

«W“' W** 1 ““•“I* *bi«^ witli hottaonlal wire of the main telescope and & -;e 
washer the hotyontalwlre of the auxiliary tckscom hUccts the same point, I! not, 
in vki* the ooinevience by means of the pair of opposing capstan screws in the trfreu 
r .it the milled h<m4jd M ftrw^ rhl» Mng dan*, both throe adjuKtrmmt* should be 
w* l,M "W«« *1 BMpwuy. Tbtw? adjustment* once cmfqtlv made assure 
the exact {u r.vlIHUrn of boili UrkftCOjicB and will not require relict it ion except at lone 
Inter vale, or after an Injury. 1 ^ * 

i ho dlHtance between the Urm s of *Ight of the two telescopes should bo core fa lie 
mesMired by si^hlin^atA vertical line on ft wall — the telescopes bring horteontal 
win-11 the distance betwonn Uik intersection* of UiAtwo horizontal wire* on the lino will 
W ift eorentfk-ity of the tori tclcuoopo, for which every mthd nnih looamred w \h 
It win i.d be corrected. 

Tim adjustment of the extnt level (If any lg prorlded in place of a atridlns level, 
■** footnote, page \&<) near the eye^end of the ioleaetipe* ns shown In the cut t>. lt» 5 , 
it dependent i>n that Of Iht? I«l«BOo!>e in tiw vertical plane. ThU latter rnuat be vr-HiUnl 
os explained on pago 5 i t before thin level can 1 m- adjusud by revcreini; os In cusi- of 
the plate levels. 


J*nU*iit Adjushihlp atul Inferrlian^^able Auxiliary 

THpstniK 1 . 

M|k II «Hli sfjuktattii- trltrt, pw* tGi. 

In this (h’vlrf tho auxiliary lelt'Huop is the %nm*' a* dc*-< rilxsl under M IXt^ut 
Adjustable Top Toieeoojie’ (n» cut, page 1C7), but life wo arranged that it can be 
attached (Interehftngcwhly t on top or at the side of the or vuwhixIs of Ure transit and 
reiidlly twngftd Into lino with the mu in toh'^CQpft. The oxei'Otrlcity will ho the 
sumo In both One couiiiarpot&O will be numdant for ta>th pMUona. 

This ImpnivciB^t used an a aide telescope connoU bovrevor* be carried o\n 
^ith all iQ&irumenb, sinco the crohs-a\is requires nu cxienskm coding (n a 
threaded stud herorul tho »i juiihiuls. and this to ho enduring can bo made only on 
tie original In^tminant and eaunot be auaeh^l to mi ohl axis. From this it 'will 
bo **‘*i ii that t btj* Is only applicable to new instruments when so ordered. 

The auxiliary tdeaoopa detaclo'* from a stem |>er mu neatly ilxcd to the en^Mi- 
ftxi** that the ex.-entrieity Is thn same when It is plaeed the side. It not 
revolve on an iiMlej indent hub, a* before, with which stylo there xlwa^s 
danger of accidentally changing Its portion, but thb derlcc is simply nutgtwl Into 
iln-* with the main by of tin* mllk^hhiw.d gcriws However, to enact 

vvery want arising in a mine, it is provided with a damp ring and capstan- beaded 
ser.’W* by which the auxiliary ttlWCOpc may be duinge<] on Its hub atul jH*r- 
®ftu«aHy seeurixt in any position. When usi*d as a side talcioope the flm- adjust- 
n,l ' nt by the trivets is csiMuitlal fla la Uio Caac when used ns a top teles* ope, 

^here the accuracy eannot Is; too great and where the trivet* are Ihcreforc i-M’te 
tjft:, sin** the top tdesrope Is theti realty tlie main tdeacopa for measuring boil* 
cental aagli?s. To use I tin inea*iiring horizciutal angles It is only ntffirtaiy to hi* 
with the vertical wire of the main ttHoaeopOHB distant a pt>tn t as can be found 
bi u mine, then by means of the ml Hod- headed opposing tangent screw*, ami by 


i- lightly revolving the tnuMvttrx* twin of tie? «H*lt » teloeeojwv th** vortical wiry of 
Lli*^ auxiliary one must a bo be made to bisect the oniud point. 

To up** it «> n side U-taoeope fur imleal angle* the proralurv >* exactly tdir uU 
liir to the above, ami dlffaw only in *o far a* the eoir horizontal win? of the auxin, 
ary uikiti'ojtt ujum 1** m*d# to b Inert * poiul previously Uwrt>-'l by the liorlv/itiUii 
wire Of the tiJiUlL tuleiM'Ofia. Thin i* done hy slightly turning the vendor plate on 
vertical u*?* ami by making uiwrof the roune lalfi^l-ha^lel tangent ntn'w^ 

Tti us it will be«Oeii that tie* ready liiterHiatsgeabllity of the auxiliary Udcfecopfi 
enable# • -no U> rend hori»mtal an well »* vert loti atiglf# when the inidu toWMupgl 
inniiut be u«od g obviating the making of correction** for the exeenirlclty of the ide- 
soup# hi both jmi&it h*n>. 

Mfb I* *11h rtnii-irljn*i iililc fmlnl pe*l «* pt f Wk 

The general design of thS* arrangement of niuteliliig the mtercluMis^ble tolis 
and the method *>f tnaaliniliiting it are quite rdmilar to llmt difecrjiwl under 
etyfn II. It dUforn from ilie latter uilly In mi fur as it la m« provided with an u<b 
junuble trivet, In thh- devtee Stylo I, the auxiliary telrtOOpe screw* dlreet U|mu 
tiiL open eeatittl veriieul post cum in one j dec* with the tranavertte axis to swum 
grunt rigidity, the degree of accuracy of the revolt depending in a large lueiiaute 
upon the degree uf aorturary With whleh the center of the pillar, and IftolLneof] 
on] llmatfon of the principal (then vertical) wire of the auxiliary tetarttiOgjf are 
made to lie in IhO i-anie vertical jdano n> the optical alb of the mala telescope 4*t 
jiatallel to it. With the earn given to li and sjiecinl much Incry u«*d for it, (hiii 
condition, difficult- im It l*, U seeumt to an *xu*n which leave# little to be desired 
for all practical pun awn. A# the nuxiNitty icloinjofie b Uiiea-bntigcuihle from lop 
to able them i* really need of but one wire, which we will designate a* the priurU 
jkiI wire- This, when the auxiliary U mounted uti top, U* the vertical wire* and 
when on the #Ule Imhohr** the hotironUd wire. Therefore It will le> ^«et* iliatil 
when the auvlUafy i~ mounted on uip the liueof etdllmai ou ^*f li^ horizontal wiia 
J* louiahtiiili an im> v<?rtieal angles will then Ip e laaaaiifud* When the laU#r me lo 
be measured tho «ngiae«r will then mount the auxiliary on the ^irie, when 111 t urn 
the vortical wire becomes* Immaterial. The auxiliary lehi&rapa b provided with 
lw>o inlllCMldtcailed oppe^ng actx?wa .same a* In #tyb> U), for tanging In line With 
the main tetacope* 

Si vie f iMjing more rigid, wimphu' ami eh taper than atyle II, i **■ uo« reexua*! 
mended. In neither of the two dm* the auxiliary teUo-vipe oniluxrijy* 

revolve In n rti« + kel fur til# purpose <5f iimUng the adjustment **[ eoHiRUithm, nud 
ooinr , id#uoo of the em#*-wlre» uml oplb'nl axb mn^i w veHliod by the use of Impro- 
vised wooden wye# above* should It be<M>me noecaaary. 

The whitdi th^ iuLeodinugertlile auzlUaiy tnlesveope ha^ aohlev«xl t l-'ih 

hero uud uWi-ad, elnca first Invented by thla firm In 181*5 b i-omewhiu phenumenaL 
It *ho«> that this eoinbluatiuii i# lh# moet np| ill cable one In solving tbedlllirult 
problem^ arising In mine engiuei>ring. For Uib reason every jirepnmtloo lie* 
lieen inndo to meet the demand and ntw imptovtaaik ans added ft* eiperieiie© 
may fliiggrat All our top tdeecope# are theiWwv now xniuie Inte^bauagenlda- 
1 Credit in due t III working out the fr^idldltty of lining the top and (dd£ toh’^pfi 
intervUiingeubJy, to Mr. Ihinlmr D. Scott, mining engineer, for several vjiluatfla 
auggcaiUras gatli^t'oil from Ida expeticaoe and need# In hiItmi work. 


TIu* Solar TeUwojMN 

Tin telesiiope of the ouiimon solar ittadimnih fin an »uxNlf*ry for u*e in 
ateep lighting In th# ofdlnnry mining traaelU whether mounted at the aide of ik* 
Instrument xk usually nmde by us i, or whether mounted on top of the mam wd 
can hardly hi* aerlcHtaly et^n#wlerad «* a lit auxiliary for g*»od work In niklh 
ing In mfa«4* In the first ptaee Its power, though It may I* greater than usual* v 
too low lor much work, and aeeondly, bcoi uwi the line# of colIlniAthin of the t 
teteaoo)^ <annot t*e made truly parallel fur varying dittanne*, without pravMmp 
mim epeeial arrangement simitar to that ib-oribcd under the auxiliary lop tel- 
acopo; but sutdi an armngettient will practically bring It und*-r the wirne hoodll) 
with the regular top ud«waop«v without uny ecu upe Mating advantagi* over it < 
over the side teloSoupe. 
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C, I-. Ri*rgvr *V Stms 1 I'll i versa! Level Trier* 


A most mfottAJW aiv/ t^zpenuabt* Apparent toting tU wmtitiwmm wad fpdarfy 
Of Mfraturvef Sptrtf Uvtfs u wd t ft £ng/rccr* ' fitfd ff?sirvm*nt* t *tc. f 


Introduction. Th* Spirit L«d< occupying, u«ct to thv graduations imi 

m ^ Hr c,ri “ hmunmmu U lWWwi w!\ t 
uvw> ^\ aii4 tor8d<iiuftc K^-arch, it i- absolutely nocra&ary for those usinL* such 
i^unnwiiifi to know the wuMUvencM of a lerri an c*pre«k<l in seconds of ait and 
■ ** r J 1 few tan grand to u true cq nature H » indicated by n uniform nm of ' 
.*?“£*£ <* "fin, «?« «t etirtvet tv*ul£“ ™ SL^ 

J?r i m** nu lo full) undtttttund lliU w»? refer the Mwltr to tta rattan* Articles on 
IIim ■ u-ji cl firm tod in our Handbook, notably (bora on pages 7 ,Sh, 102 ami HKl \ % ih« 
h- ««nm or SolentJllc Iuv, B i ig ator In* t,*l,«nUv .to ££i iSf 

tJl> , ^rtcler tn lli«ee Itvds, wo, im a rub-, determine it, or It* menu yaIi* nn 3 
if! 1 ' f " taU:mwlt * *® p 11 * effort, with ercry Important Itutmincut isstxd by mt* 
Inti- > 1, no jicccaMry in it to know (bo mean value of Spirit ihnt manv of th* 

* Scboolxof i iril Engltti^Tjii^ PlnMi-nl I jfcboratorn* and Adtlxmmnlcat Obscrv* 
mar . i bare Un supplied M«i with this up pa nays for thitA^jUiroiiieiiUif ihU km.wb 
tdv notbat th* student might mulcmainl blitter Ibe character of hU Instrumruio 

*|>|di^lloii of this apparatus Is desirable at the miiw 
i *' ** liierc to be a gnawing demand for a aimplr, cheap and ™dv 

dev . wc have Inmrmml mi J ’ > *K 


I- . « lisave Jmpmved'oijr ordinary afmmTuia andj^c 1 imw prepiuiS^o^fiumLh'^rhe 


v # ^P. <v * lore au'iimn u*c of i|ii§ niitaraiiiH at 

- ■ bj abate the Wp^Li iimU!*- pntciiro of u^ng [pint levels 
^5f 1 - fur tJ1 ?^L w ^ r wf ™ ln««»eiit. W# lutv«> a«ni ***** whet4 the tn w 
P T<wil ^l Wl ^> front plate iMola which would hsixllr 
‘ rfee o/ urn m an Iimrument rwulmg to M/rfo netvjnrl*. Whh nidi an 

p f luir I >J ,>f tho i £tw<rf ©ollltnatiou cannot therefore be eon trolled 

^ rtT 1 fKiJU n pta^«idnll horizontal angka mwSoiS 

«y ff am Influenced by the umxTfolnty arising fnmi ihin defect 

I n'Hcrtpl Jon. TAf Lr ref 7 r. : tr as de,*iciwd ;ui«) nut dr bv U4 Ifi esOcediiiKly »imn3o 
JJJ'iof a more anlmaal diameter than any have seeu before tml jt I* SLiieriafiv 

ScboilK ,U,S I -tjnuorl^ n^ji.u o( |,T 7^j\ 

; *ate l upoti which is in oiinte* ] an Iron bar liavingut emo eml tteti ulvom,! ^ntm 

2£t 10 WN« P«w to Urt«. in th« b«* .ml aTtf^tl iVni S 

tolrr^Mw canj mg a tllifc gnauated into lOO nito. 

TT ,,1 ' ,1 f eJ '*■)« !'■ "hi'.'b to be tnnv lie i.loml, 

Wk * h,:n , t I“' JiUMtf aw not needed thor amy U- turned 

'it <if the way. At the Jiivotnl end ntmis are nruvided for Miiiixirtiii" ah 
« nu ^*«g the lewl* to be* examined. Au «d”umb£ 

luAi,!., ; i*» n ^' ,T h , lcl i5 TVe * to , •*« When > wye level 

*li^ ' to w i utQlsea. If a plate, b<>x, or telescope levol of mi instrument lnvin>' 
L a ■ p ' Vi ‘jJnt sentwa is to lie tested, the bitter mav he placed in the grooveis nmTkiod 

«« * £2 a ; 1 i,iM ? i,,i " Dt u r ] '^ } H H 

w>tvw ,'.* l>t ! re i*f**y“ 011 th° ll «f. The poinrn oftlie pivot* amt uiietnnteter 

*™| ttk t 1 * l ' cr « the law plate on a Innletied and poll died 
Bolni ./ i , ti* warl - n ? "t*** tno'uWc excen ideally with rryanl to tin' nerew 

* ♦/-•nn’-f, ^ **f 1 h W d *J> «MK> Of wear tn M to alway, pnt»« 

*9t» ol an Inri! ’Im - ,0 f £ “? U)c ,l »? mien, meter 

th,. °* *" | neh. The cut mil in VC a clear W«i iu to the arranttejnenu of 

Hl,«.'Sfi th * pc ~! ll ' I 1 l " •f ^ ooeupied by the apeciinena to be Uateit. 
abwl ■ ■mi!!? , n ^ Too boat jkooo to mount the Appanuus is uiion a solid uimojiit 

^tlnn orT^i^o i* '' 0,1 TV' b «^‘ (*> « the Operator can le in W ( 
), or upon a window sill w‘hor« direct contact can be made w-ith lbs stone. A 
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wdldighted room five from sudden ;ars. direct mudtme or aftllhrial li^lit U d ^ 
Able, iit id tin: apparatus should be protected bv a suitable case of wood ami glass frwjj 
Air current* and the heat of iho bdr of tlie observer* 

Tluh case must be mo arranged as to allow ready access to tin* micro meter *rr*- ff 
on it ready removal if the different instruments, tclCOOOpes. levels, etc*.* art to | ,, 
put Into posit Jon cmirc. Ordinarily, 1C the shelf is built into the wall, of ^ t)i« 
upparatitt is rnouuud ou n " plur, iln 1 rise may Iuitc tlirci.. of wood nail tlw l ,j, 
<)C gla&* And the loftdiand end open for the Introduction of the observer's band T»bt* 
mi\i% lilt* micrometer urew, or At a suitable height above the apparatus a plate of «nl), 
tiary thick plain gjcuA maj bo supported on brocket* when in use, and when not in i^1 
it may be buttoned npagiljttf tht> wall, Another [date can be arranged to be rated a? 
lowered to j>reu#*el the apparatus from from and side current* whenever ncc<*.%*ty_ 
Hie screw end be left ojnm for tin* i>perator*a hand. If tlio apjiornuis U mounted 
ou a window Mill the t&ae had betlcr bo made wholly of wood, with open glass iojk 
S ome such projection a* is above rested H kHll^pensubii when >*nMriv* leffU 
are lo be tested. Of cour™, for the le*t of h?v*l* of low degrees of senslrivenoM, Isurh 
eare may not! in general, be neee**ary. 

Having secured a de nimble place for tlx* Level Trier, the next thing U to property* 
mount tL The heavy cast iron base plate is provided, OH the bottom, with three pro* 
jocung studs which should rent securely on the static pier when the base plate oomph* 
as near a level position as cun be assured by tbe use of a common oariwnier's level, 
Now carefully place the bar upon the base plate so tlm the pivot* shall rest in t±* ,r 
receptacles in the bubs oh the right-hand end of tbe base plate, ami the mieron&Ker 
screw upon it* proper Waring at the left-hand end, ami the apparatus U ready for iu$& 
The points of contact of the micrometer screw And the pivots should be Kept fret 
from dirt* grit or rust. The rearing ]d*eo for the micrometer screw will aotnelisms t* 
mailt no that It cun be rated or lowered! by a *'row arrangement so u to bring differ 
cut puts into m»* Jimt prevent local trearfng* Till® retting place caii also be moved 
exeeuirically uml bring new ]x>\nis of bearing under llie micrometer, 

ifatlitiimtlcAl ParU II isckar that tbe roearion of lit* micrometer screw 
miles or lower* tbe bar of the apparatus. Any point on ihU bar, torn ring about the tw> 
ntvouat the righb hand end, moves in the arc of circle wUo#e radlu* b the dl&ttio* 
from the plroU to the screw point Knowing the patch of the micrometer screw and 
its dlauncc from the pivots, it is a simple matter to Ond how much arc is travelled by 
moving the divided disc through one or more divisions: in other words, to find the 
valon of the angle of IncUnAtioji subtemied by this motion of the screw. 

E&impte- .Suppoao Ho? length of arm IT.fl In*, the pitch of the screw one*jixiJeth 
of an inch and tbe disc to bn divided into 100 ]«ma Through how many second* of are 
will the bar move w fieri tbe micrometer screw U changed S i cUvi*kms? 

There are 20tk2fta fc*C0t*U hi tin* arc whose length to equal the radius* 

Let x = the number of second* required ; 




sm 


5T,frf 


If we wish to know the radium of curvature of a level, it J* necessary to measure ibe 
run of tbe bublAe when Use level ha* changed a certain amount in arc, and then 
solve as follows : 

Ei'jmpU, Observed mn of babble for 30 seconds change in are is found to be one 
inch- Fiiul radius of curvature of level. 

Let r — * radius required : 


' _ S ? J -* 05 ll — .= 6875 3 

H5cE 30 seconds ^ 

or K2M ft. 


Mo tin nl of imikiii^ TestA. The level to breasted U placed In the wyes oo 
the bar, which U raised or lowered till the bubble is at one end of tbe jfcale, or* lT 
the lerd lias no scale, up to the point which will be the limit of the run of the bubf^ 
m practice* Tin 1 micrometer disc is then turned ow «|ual spaces and careful aoteioi 
the run of the bubble are then taken. Having morfd the bubble over its course u 
should be moved in the opposite direction in the Matter and l he wbdc operathtt 

be repeated several times, and, with very MUiUv* krvd*, at differing tempt^raiuras* w 
ensure accuracy in the results. 


v 
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Tho nttftll value *>i all the observation* may then tie determined and the rofne *\ f 
W rffrtefew of the /rrd expr&uxl in minuU* &r second* 0 / cwr, u the cose mav W. Hy 
t |,i^ fi till* proof*® »e may lind ( a* airouly shown, th* radius of curvature to which tho 
lu^rinr ittrface of the glass tube ho* been groqnd- 

For spirit total* baring no scale graduated on the tube tiw* gemian silver *caie 
- r ^ir: *tcd u> d'Jilm of inches and attached to tin* apjKtmtuif is to bo used a* shown m 
£i cut- For testing the level* of an Engineer's Ii^uununt as already indicated it m 
-iji necessary to rrnow them, but tho instrninvnc sitUne can be placed’ directly on ill* 
frivr. 

Tl I narrument should then be leveled by Its fore ling screws, and the level to be 
examined should be brought parallel to lUo center line of the bar by the use of ib« 
yjjf. t screw*, (Tbie save* much mapctauiff wear on ibe tint micrometer screw, ) 
Thu d ue, proceed in the mime manner as explained for the unmounted apjnt level. Jf 
we have ibo cate of a wye level bubble l bat needs exaauuatl'LHt, the telescope and level 
tobo may bo removed from the wyes of the Instrument and placed on the wyes of the 
^fner, as shown hi the cut. The forked arrangement at the pivotal end which can bo 
chimpcd at any coincident place on the projecting rod, will tend to steady the telescope 
and prevent it front falling while the level is being tested. 

This ability to readily and speedily examine the levels of an Instrument Without 
df(-v ting them ami thereby deranging instrumental ad just menu will, we think, be 
quickly appreciated. 

As already Indicated above, a level should be imbed forward and backward, and, in 
<*4e ■ : very fine spirit levels, such a* am w#t\ for measuring angles, this should lie 
tm* ted a number of lime* so a« to got a cottektottbto number of observation* from 
which to deduce the mean value of ono division. In second® of are. la case tif a level 
provided with an air c ham Ur reading to single aeeoada of arc m a rnle.it will be 
found necessary in making tho to keep the babble of acMsWaixt length (a good 
Itngth - two-fifths the length of tho tube, excluding that of the air chamber.) 

Wi’ hern In ®ert Specimen eeuof observations made upon levels taken from stork, 
md inch a* an? used in oar etflneer's wye leteL 
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* L**tl talc ii R^dajud In ? of incbM, r* 4tJ* 
*** r^ht in* UH fretn wn at tin 



Mein difference. |.| aost* of in inch. 


Ten division* of micrometer screw non 
®**P<m4 to 19/2 KoocmdR of arc, tbercfotw 
divUkm of scale = ^23344 seconds 
*** di via ion on bubble tul>o < tenths of 
inch) .=» 8 J 3 anoonds. 


Five division a of the micrometer screw 
= fl.ti etconde of arc, Ui ere fore one divh 
eion of level « || = flj second® of arc. 


All tavhU will am, of eounr*, give such results, owing to the «ilff»»rrn« of t he pro. 
tlucu of different maker*. or to change of eurnuunv after grinding, or to modi: of 
mounting, too tight tucking, etc. A level which fmm of good quality whin b ,ng 
totted may be found irregular after ft hat been mounted in it* bam tube, which mhowj 
that iho love! ban boon improperly mounted. W* do not wish to he understood 
*aying that a level la necessarily a 1«it| one If its Irregularities are loo small io bu rt. 
mled by the telescope whote power I* properly adapted to the character of the gtv&j 
nations and other flue features of the instrument. 

Jf the Civil Ettsionr should wUh te know the value of one division of the t. t Lo, 1 
scope level bubble. In mlnatat or woondsof are, it maybe readily found in the field ** 
follow* : Having set op and brought tbe level over si pair oi leveling «n*^ a reading 
in taken on a r -i belli perpendicular to the lint- of sight, and a distance of from one to 
two hundred feet and tbe position of tin? bubble noted. 'Vhv inclination of the level 
to tbe horizon is now changed by moving the leveling screw* and a now reading tafem 
on the rod and the new portion of the nubble noted 

Knowing the distance of the leveling rod front the luatnunent, the difference 
rod reading and the number <d dlvWona and distance over which the bubble travel, 
we may readily write tbe following: Let 

x =r i lie change in inclination of the line of sight, 
r =s the dUktnije of rod reading*, 
d = distance oi rod from instrument* 
n -a j lumber of divisions passed over by bubble. 
ii w distance paaicii over by bubble. 

It radius of curvature of inner surface bubble lube, 
f number of seconds corresponding to one division oi bubble. 

JT In WV'OIl'Is, 

*=» 

K = — 
r 

Example* Hubble divided to tenths of inches. Distance from bubble to rid. 
200 fort. 
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For u movement <A buWite over one divi.jon il* diflereiweof rod leading t* .<*►»- ft 

■ooas 

SSS X OuOuuf. __ 

(.000005 U tlie natural tangent for one second. 

Sole — Foi tWrtv.-. UVKin o, T«ta HIC-KlWT ,lc*M' ** rot imoswiiwi 

ostY* Psof C A Yousc tqjnti *,Hs : To mask, imt am>ve n-^#tiei> * 

Thikk a fcKtKAl tm* jH-tKi Hi.N t, “1 hr hiac jilt* c< tiij.r l.*v*I IYj** miM tw h i^lhrnt^ ltd. si 1 tfl *t 
vijmh. an isilltlfj *cr#if <4 r*4«z*ii1il« frE*grfhh a*d Hattag a br*eb*it OjtkrstJv giA-luJiid j*** 
tec <*snYet<ett frcOtffglj will \\*v\ thrush (1 **d reM icjrrkvt the nmunr direct TMi mill milufl ihf * 
TwpWkuci ir,^.fijU(Ci-* i nilrf riunintf i>< bdtbk frt »yi t«$r sid iii the LcytI to Lhc «thir Iff Ihc m • 
sr^v, tht rn b+ wm bicf^ by iV s^idury unv. jumI ifce* tU» iwcri»«i*<*r v*i*> rniy usi 

gtldr^ l new irffttc <d i different pi*fl ut ihc If tliii H tf pelted kiniU ihe r?4dfri£ « tfce 

di«c f 4 tire nkr<cnf1rr icrcwii lhc vsru Aithil CfflyJ ttvfi. \i ts?i tuntirATf u error cd rvc-anirit TY, U >°7 

erlii, nt lb* gTidujtvd. due, bit nhit H sifni JmEMftsu, ihjt of th* »>rv jturv mtikh In x * ,, **.*w 

S]«rs>i miY trnbZ atwf hiodliYg <4 ilie luvtrurreM. JOi llien R n*t d«<ri>e s Hllle £mlt <* *7 

mirni; lurhiC- II Ihtl mHjlx U rdiiic Jbi! At ridU t* ihc a*i* of lhc muiultnK icrst'i **V 

Sal« rsCf »1 Petty c 4 th* *cr*w y.i.rrt it >Arrr.V^t \ W ■ k* it wkU*n luppf m tint th« Nimt virticc U fj f 
s, ntht si K V» tw ft* ««■* pfiEil, A ierioe* ptHcdk trfof Tr*o>. To rruVp Jirr inj, nifinrt L vo X :^» 

iithIi If v*1 sUo be stuthed lu the h*ic pfitc tj mkilt when ihc IfeUtr -cojjih:* it* e#irru4 t 
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Why do different Magnetic Needle* not always point 
In (he same dlreetlon, though observe, I : ,t the s , ", 
place amt time 111 - 

^ ** C rtad rn Annuli Me«tfiv oi MlcUsi „ »—*—--»■ ^ , 

^ C $“*** * 

A t'tosc observer of ibiT coroi.Atfjtj** umm! in n,n<Au: n . », . 

Bullcod Ul4l lb© exterior abra of c£e^«Qedc tit*iLhai I. 'J^ ■■iMrxjuionu !&a*l bar* 
w much ju» do W ityfc* “f ! h(,M ' 

00 M «f » tar J" •“** «* 

& b{ 

piur-rd edra so tlutt ibr ”rvuu <t RtM *.,r ’;, f^!T*tt!!?i ^ t J1> * le <?dl*; aonir *ro 

* 1 * also IflpiHus n^itlM to m*a»utf Eta v^dtad hti^udcr oMtawti T , lww 
#h-i: «n4 stubby Q<«Ktk» with aluminum 

firiyte^aas 

wliEcb they ar* intend in! ; for it in Wr l[ known *w .I^f 1 to the rmrpf**?* for 
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point, in die ftftgflioap. ***? not coincide with \t* magnetic axis* which ik* in the plane 
vertically through It* pole* ami in which the? magnetic iimidum U contained 
However, Jo wl ft cnmpkm under* lauding of tho matter, we mu*t «o hack u> tbn 
\uy*t from which Ike *t**l a# the needle wx* produced, if we remove * portion of the 
<H*? r cnm * * lw , 1 or oth *r Ciwllug ami curvfaJJy examine the surface laid bare 
*:th a nilgai tying floss, we shall find Unit what warned to the nuked v\ r .\* % *01*1 
u Djjw a apei&y one, with miraberlcrt small xml lat^i- c*ruic*orbh>whoif*. ft maftlv 
by forcing and nttling Into bar# find aiieet*, at the mill, that the metal beooomi at all 
Ii- mii^'eoiw, Some of the cavftfa* not bdng woMed, are elongated in the direction of 
the fOUing, ami form Trtn^ftiwa or blisters according to *iw% thus imwmini* to the bar 
or ; wi a atnictural grain ■ >r iib**r. wtiich, while at way* traceable in poor *t*H can only 
tluiiYlcd lu i hgm* when the ingot hn* been converted into fliir at t*L In the absence 
of informal ton to the contrary it U therefor* but naiuru! for the writer to bettevo thin 
whMi ft iHWdlc i* being m*gncUztxi lt« tYaulting imianotie axis will in all likelihood tend 
tn run in l ie direction of the general trend of thu grain without sirk-i regard to the 
g&muirm axis, with Which U may then I* at an angle- The Above divergence of thw 
two axe* tuay g t'wref<inf„ be cornUdcrtd ua one cause of the ahwrvwi fan /A«f jvo 
V tteftimcftoiiftil afrrjtt, «Mcr hefmjr o/naf, **1 ranf cwfiv 
fV «wfl idfln ohiomd «f lAc jotr* jrfaee ami lime. 

If, on tlw, oilier liaiiJ, Uumo two «*.:•« (mapwiir ami jKoaetfcal) <!r> oindilr tliero 
wi t lie no dnvUuloa, ttu<l two or Mf iiumkr of noodles nil] mul n)|k.> under the ton- 
mtson* above mentioned, if rested In the name compftftf. 

Notwithstanding the fact that U is, in jmatfoe, very difficult to attain ihc debited 
T r , ‘ ll f. <m flWiint of the dlltknliy of tracing the grain, the writer would and dw* In slat 
U.*t uw*\ m tliPci>r*»iriiction of lircdlcia for ^arvojing Inamimetita almil no- 1 « 

b T^i t l^t aliall be cut fivmi line *|jeoriteci, in the direction \ i} which it w.i* rolk^l and 
b trailed In auch in manner » to tmmm ax near a nAraltetUnt of th^ ntnicturai mlti 
with the geomctrkttJ axSh aa powutde. Yet In of ifac uimott cant and nkill ooft- 
5*1™®* unnor iuagn*tic poiee am probably jHWflilkind there in altno%t certain to be x 
1 * i[Jou ^>1 tii cm* iwoaxeu, ami thi* deviation will vary in macnKllde with the quality of 
tJl V dcalgn, wtdUi andkngUinf the needle, and the mpchiiui 

eit -Kill With which it* outline* in ftXlmUlh have been nuide p m i|*a wit ti the decree of 
** whkJl tlu? p° int i>f ban been locate! In the ffnomc<rf«llft3da 

/VV iuo it may imi that jum hern tlu> Inatnunent maker* real work rthookt bewtn 
h \ ‘ ,t? filnl o! tkft#e«E€ft by grimlUic off a little frvun one side or tbi* 

c- her, 4 * tbcnaae may be, ti> i injure a ooinckfencc of the two axe*, he, *« a rule, will 
#t<H' lien? either from of imdcrsumdfty: or from want of Hecc**arr ummitt and a 
udoil «p«cs free, from in>n and provided with well defined meridian marks e*m t>. 
lisbed by mean* of collinmtoru or natural object*. 

lib elite! reason for nut doing this, however* may be iwid to be the fact that neither 
be nor the nurreyor vrl»U to b-ar (lid added expense, 

th,B , “® ****5 ivnsone the ictentbi, not witdiUig to da t iefid ujioii mechanical 
If 11 ffj rxuo<l n^ulu, ndojits tlie method of reversion, by meat:* of which errors from 
lb\< source can be entirely eliminated. 

'J beretore, the »Mdk >i««l in I.U Inmtigntiotu (See Fig. A) can be (evened by 
* II'IIIJ lurnine thu niiwlle mwide down (the caj* lieviog been eliiuiued from ibe t..r> to 
Hjc tMHWtn aide of (he Hedlr) nn the neuter Waring jwlnt, to tlutt he can tisr the timn 
oi iiu- MIolDp of (ACh t?rsd in both ihn dstvet and itiw 110*11100 a* the tvattlt 

wCgrl(. 

If Uk? suTToynr is deuiroua of inakltig fwime aucb text be can do 10 readily mi bv 
cii mjntlg Ibo center exp ;»k above oofsd, for ho cannot do with Aincri«u iustrn- 
fu! r ? \*** &* ****** m firmlv fixed to Uio noodle, but, by llr^t taking u careful rend. 

. *4 l ho nCedte, he cait, by mean* of a Mn>ng marnct, rtivom tho potea 
I? I*® a ™^ T ami, wftor rabalandi road again the two vuds. thus obcalnlng a road* 

• la ft tneasaro and approximately finding tbe constant of his tmm* which 
n ' ^ uxe whoii needed for imp .riant work. 

The constant of lb* noodle Is Uicroforo fkr <1*^ the mwtuttle turn make* with 
/t'ijm&riml <u**. 

II a nrodte i to ulumiiiuai extension arms, a* in ralcftitomatcin, Ftw* Si, or a circle 
^u. hcd m hi tbe ciac <>f priatmuic COmpoMc*, fig, a, of if it is provided wiUi romlm 
m Sl>ni ° ^o«pftaao* ( Hg. S, then the oonxtant of lb# aeodte v or the index error i» tin- 


*ffdd*atilA»|riT^ n! thr t<Ae* hr t±rryinr tW Ir^rui 
^ i */ 4 by «rff«r, u-rt tut ct,Wi»d nW, 41 nm, *«n*si 
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W«f Ml* ihctrtc car f«af ihc fWH&r hi* been 
» » my giOf Mivk t<i the j«n of tht 


angle that the tvrtn »f tin* grad nation i* or exte nitiiom* {supposed to be in coin-' fcUuee 
with the geometric asm} make^ with lh** magnetic sain. As a rule. needle* of the ! iir 
type always lie ha vi 1 atich an index error in mMUjimj to Uiw arising from fwmrifi 
of graduation and the di file ally ftuttMlcrtid by tile maker to dctciniine the migns|jgj 
ftXta. 

While the method'* of Mtttlloii for eliminating wrom of eccentricity ami n^j. 
ooiiscidciioe of tire principal axes just described are good for scietHiile research, U r y 
are ill adapted for the work of the surveyor* 

A surveyor it comjKua in ordinarily graduated to single degrees^ and a tine instru- 
Etirnt is seldom divided to read to lervi than one half degrio directly or from nix to u 
minutes by cMiumihin ; therefor? it is uselrw* to try to arrive nt result* cUiher th (Wj 
the«c. A needle will sen? its purpose well *f th - two pnncipii; :ixe* coincide within 
the degree of accuracy obtain, tke with its length and with t lie comp * fjt a* a wMe. 

'fbe following question jmiy now properly present iiaidf t Wlmt U Urn Wuh fo~ 
fnr a magnetic noodle for Ibe surveyor lit order Unit it all a) l lx* *u nearly free f 
*rrc» due to the above ram* * mx not to require rorerMou and yci to cwne with In the 
dt*xrt^ of accuracy obtainable In practice f It now wc have Ptctnutt to Fig. ] 
and -ueh inodiffcatlons «f the *hnpo there shown a* is delineated in Fig*. 2. it 
ami I, wc shall see that alu<? the gtynteat superficial area in the animuthai 
plains deviation* of the two axea cannot be Infrequent, ami, therefore, then® 
shape* am wit well adapted for surveying instrument*. E|g, 4 f in particular, 
pcrienU the carious combination of a huge surface at the end* and a amah one at the 
nub. Thb increased spread of surface by ibn jirrow shaped ends renders the needle 
especially liable to this defect without so much a* con intimating for il in gruitet 
magnetic intensity us was probably the supposition, since tbe arms connecting it with 
the rcnir.il hub are quite lurTt)* and limit the inairtmcc intensity. Tide faulty design 
1 a probably bused on the sup]X)*ithtQ that since in a well boidutfreu and well opiifltrr* red 
m cdle tiio magnetic intensity is greatest at or near the exiremc miU, gradually weaken* 
ing towiitds the center where it Woo me* quite indifferent, that II I hr ends are made Mg 
the needle will the tuoro readily mpmme tlie magnetic direction. 

On the other hand, the edv* tsar needle as made by d L. Rrrger A Sons and sbowr n 
n*. J. with It* greatest superficial area Lu the vertical plane* reduora the chancti of a 
noiXGllicldftOCe of tlic two principal axes in the axlmuibal piano to a minimum. In 
Order to add *t|viigth awl stability to this needle it is made thicker at the middle thus 
at Hie emU. which are quite thin. 

If jn the tuunufactniti of a iiccdle of this form the anus arc lent so as to bo 
symmetrical to Ibo axlH paiMljigUmM.igb the eentci of die needle cap awl at right angkw 
to the line cotn wet in# tin- emU of the rievdle^ as sImiwu m iho oxaggrrausT diugrum, 
Fig. 8, the fuagnel^ ilk will lie contained in a plane txirullct to the vertical plane jkius- 
iug IhriHigU the ends nf the JiOidie *wl a little removed from it. 

Tiie error In the re 4 *lin.s; IntMuccd by tltU small distance win he very small com 

K arod with the emir due U> th* «00«*lUf (city caused by atioT? inenliouetl bending* 
lit* supposing the case Uml lit ft tally OOrmmCUd »€odk> of this class one ariu is Witt 
morr Irn'gnlarty than the other, aft to UltftyitinM-tliCliHy dlMrlboto tlic nuss of the 
metal of the noodle, then the reculumt jH>krity mtaeqoeitt upon the irngillar dlstribu* 
to I u of masse* of the metal tuny he idishlly at an auxlo to the line pas>ing through the 
ends of the needle, causing nn error doe to the diwg^lKe Mill vfty mmll ** compared 
with the error due to the eccentricity saeli u Uvattk w»>nid have, 

So far In the fmvgidug expl si istUrn we have dealt with the magnetic nwdk alourw 
It will now W m*>^*ury in treat this task iii relntum to i^lher futkctloual tarts that po 
to niJike up ft MtTT*ylng lnMrumcuL, since there are otlier ostuen, wlfeUti. ftliigh <tr cot»“ 
biiitxl, may eoniluoo to prvduco the diffcrejices mentioned In the rwlHqt Of diltervnt 

However, he fur? d%uH n g with this subject in Its farther com pWity In relaikHi l* 1 
the compass and ijiftt rimiem, wo first of all take it for xutntcd that them be 1K> local 
attract Ujii in the I muniment Itself or bv any iron concealed oil the person of the 
observer.* 


* To ilrtcrninc -irStrtbev sn ittilru»e*l itwH fw* *ny if«i In It lo -tH«vrb Eh* «mdk t il it * pood pl»n^ i> 
tclii-ts tht UJhtU tXju hath roup*** tiectik s-aC ilK lutkr n*l ttr*, to Jrwirril ti*? wftiwi, 

untHf im*>i sen ikvm* e^tfi >»ml not in* iftticiicr ilw cvftyjst nte^e wC n| ^rrCMSf 

ltd <kaT***. if il £** ™t, llwreb w*m locsl att#MtLn^ IkILn ihi» lt*l it niZ be Wtt* In* ™ 

the amUt *i t* *hirpw«*ni satnlivned Uuroo -^iod brcsihe **■ the E^»i tcvrr uf lh« 

*iwt ca t he rubt<r frimt U xlit f *«<)>*£ gist* kj ** m nirwv* j r, f ci sc ftl d lf *%kft n*j b* pTUfM. IHo <* 

ariLfi** Inin* Lnrdj.tcr-» in verr mdf eksxilrted tf ih* pn»M* at d«sn 2 a* in s dry , thereby 

i+tTc^iiiH^ tefiCKXsrily tt» «f «» uxdk. 


iSVst we assume tliat ilifi graduAth>« of the om inputs hi a good one And that ih* 
pivot «>u which the needle rest* U in th# center of the graduation, ami that both cuds <k 
the needle read precisely 18b* Apart, 

N'ext* that Hu* needle will be mt sen hi tire that when deflected from IU pointing by 
the outside At true l ton of a piwo of iron held ibuut a foot or jo away from it. It will settle 
i# im original pillion several time* in aacceuton. This uraultlveoa* depend* on th« 
frfto and sliarpnc** of the pivot, nUvngtb of its magnetism and it* hearing upon tin* 
Itnely polished jewel or m*vt c*J* (/f fa nrmUy mnxtf u> the doling of tU p*4ni mni 
thi o/ fA* rop fAi«f a nmtfchewmtx ttugpUh and refuses to return to fAc .wjmc 

Then the extreme ends of the needle should oomc cto*e to Ihc graduation aiuI, 
together with the point of tus pension, He in the name piano with It, so a* avoid parailnx 
in i vailing, It U also Important that tin? center of gravity of the js-eodle be a* far below 
tht-r plane a* po#*ible In order that the quivering of tin/ noodle, so neccsfarv i<i Ittaure 
tf proper renting of the needle on the pivot, ah all not be annoying. If the extreme 
endl* of the io«dl<? and the point of suspension am In the plane of the graduation, tike 
quiurring motion trill not be annoying, since the extreme end a He In the axis of quiver* 
lug and convequeutly are stationary, a* shown in Uga 3, 4, 7 and 9. In fteg, l and 2 
the piano in which the needle and it* emU are contained i* much below the axis of 
quivering which Ilea In thr point of suspension and in consequence such needle* can 
Only be read when they have enjoy’d quivering. 

With a compos* constructed s*a above ^e »ee no reason why It m mdJe.or any 
number of noodles of the name shape act Ah own in Ffig, 7. should not give the samo 
Hiding as long as the compose ami iu immediate surrounding* remain undfattirbed. 

«lnr task of sbowingtikat In a theoretically jicrfecl compass the oeedb will always 
A^umc magnetic Xorth and South, —debarring erratic oscillations du»* to earth cur* 
real* would, therefore sCtfin to be ended were it not for the fact that in a Murvcylng 
IditnjAwnt a sighting amusement, telescopic or otherwise, must be provided* by 
ns- iinn of which natural objects can be viewed and their relative potftlomi in a rim nib 
determined w ith regard to the stationary pointing of tlw* needle In the magncllc 
uh t ldlan, affording a neons for measuring angles and tracing Itaaa. Seen from this 
SUitd point. It is therefore unimportant that the plane passing through tlie sift* of a 
surveyor's comnosa, in which the Urn- of sight Id contained. l» truly su line with the 
nuo poinm of the graduated ring and at right angles to the plane of the *amc. With 

tranrit, the iine of sight, as tbhnod by the optical axU of the obpvrt-gloss awl the 
cr wlrtw of the tcles^jpc, must Dot only revolve So a v*»nical plane in which die Hue 
of rtllimailon U contained, but thU vertical plane must ftlsti either cut Om iwro# of the 
gr dim lions or atleust be paraHel to the plane [passing through them. ThU condition 
*S however, so difficult of aiialiimeot in InstrunkCDts litted with a telesoopc, and in 
cii*- -t where it may exist It Is ho very apt to become detaopd, that the writer h sure 
t!, d right here the priactial cau*ft Ik* fouod for most of the dlfh reuc^ ob^rved irt 
thi* fviiilinij of the medio* id illlenDt itiirtrujneuU, though observed at the isiutc time 
and place. To lUuumte this; KUi*po-«f trr* hUcct x distant natural object with the 
or wires of dlfenijt Inatnintenta whose lines of colHmatlnn arc In perfect adjasb 
aiciit. then tliv rcaitings of the ttctdle^ — assumed to Itavn of their pritjcljuil axes 
In :oini?Ldf*ncc— wouM lit? Um same if the xcro [sdnis of the comixmsen aro contained 
In the vertical jdatie of the line of sisht. Ibit, if on the other harnl the ioitinl point* of 
life oompoea are tint contained in the vertical jdane of the lino of sight the reading mast 
dlHer by an amount equal to the angle of this diviTgencc In a tty one of tlic different 
in Atm meats, TJjU Index error, while often of no account III ordinary iostrunwnts, will 

* x:u nevcrtlieleKs, and must always be looked for oven in the l»st class of Instrument*, 
**h wet In the field use of an instrument and by rough handling it is very liable to 
Change, 

p t1ib is particularlv the case when? * Utlesraipe in Involved, siivcc in Its construction 
wi* liiive to deal with the optical oxb, which, of itself, U of a very complex natmc ami 
jubjeci 10 changes affecting Its Una of coHhuation la relation to the compos*, and 
i * c of the chatty?* occurring fay rou-rh handling to the padvion of the suudanl* 

' ^trying the wve bearings of the telescoped ox 5 k of revtduiioii in the customary liutru* 
meiUa, Tli e ref ore, in order to dlmluate all the emun duo to liie change of the line of 

* rht with regard to the xcn> point* of the COmpOM, i\*t instrument should be tested 
before any iinjxirtnnt work is tindcTUtkon with the needle, 

Hcfore proceeding to dctcrmlinj the Index error or constant of the comprai of a 
tTanMt, ft will be well to verify the adjtt*tineat of the line of ndUmation a* well as its 
lu-iiioti in the vertical plane, T\wn t luvlng previoudy established a meridian Hue by 
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Um- jKHfll* in line * y>obit the iek#o>p* t<* Ui^ marie hi ilie North, ttiul the needle 
bath undf, au<L in onler to eliminate all error* of eccentricity at the gnidiiAtioii or 
needle turn thereby arrive at cornel results, the InttUrntmi should be reversed on jtj* 
vertical axis and the telescape asarn pointed to the mark at, the north end mi before ; 
another reading taken from both end* of Ihb irndle- 

Min? average of the four Tn.nU* will bo the combi nation of both the index anil 
magnetic errors and thru of the dcrllnatjeil of the iRstdle — ihr Utter being the ua^l*. 
the magnetic meridian cnakt* with the astronomical meridian ni the place of at sen-, 
lion* Naturally, then, it* u thcoraiunily perfect Instrument the reading of n necdk m :t 
place where Kfcrt mill Wwi dccliiutuona join, wonkl be xcro when the otom wire* hfoerx 
the meridian mark, Houvyof, m m the held me uo iikstnmjrni «(U retain Ua fl« 
qualities and adjustments, it will he best no: to depend on them, but to determine Uie 
index otTOf Hint constant of the needle combined simultaneously, from time to lime, hy 
an obftt+niukj* on a meridian a* above drierlUd, in order to apply It a* h corn, etkm \/ 
procine work. In instrument* llued with a variation plate permitting tho decHimtlar 
for any parttesdar locality to he set off, Uio oowblnod errors of the Instrument an 
needle van at Oitoe be added to or subtracted from the dectlnnttoti, as the cum* may tie 
Bat, a* these wrist an u differ in every instrument It furnish?** the explanation to U»ft 
qu* vion propounded in tho till*? of this p»per: Why do different magnetic needles twt 
always paint hi the sumo direction, though GtMOfVtd at the vime time and place? 
(fdfu fAcjic o>jurf lists hnt* pr&tovity deform hied tturf uppitai m ci vry r*r.*r. 

'flu re arc other rea*mis, such as the daily Variation* of a needle, whkdi. according 
to temperature^ latitude and ftoftaoo of the year, may amount to from six to sixto«i 
minute* aloof, showing why rollfttfeoe on the- reading of a magnetic needle can 1 h< pia» td 
only within certain limit* nVid that it should bo depended on only for gewml direction 
as required hi tUltmf in details Far exact work meridian Hues ran by §ol*i ©f sellar 
obsetvnUons should be depended on «xdu*lrtly» t© wideb end the modem solar tuiaa 
men la give the fullest satisfaction. 

In oouclualoat, w? would say Unit such tests on a meridian mnifc, ;m rec<Hauneod^k 
above, should he repeated often, aud that In onler to facilitate Ui* work such meridian 
marks should be located at some convenient place m> iw to be within easy reach of " 
surrey or at ail time#. 

in the select km of auch n place rare should l# taken lb a* there is no :n-n in the 
vicinity and that there are no eleetnc wire*, particularly then** used for arc lighting : 
the conveyance of power within a radius of turn* to six hundred yards, or else a in ‘idle 
U apt to lie Hfbxlnl by tbt>e currents as would he the needle of a valvar < tune ter Su 
a place. If properly selected and provided with permanent meridian tuarka, could at the 
same time fee made available for verifying the telescope ami level adjustment# of the 
transit so neemmary to Its proper use. For the benefit of surveyors, t ln^ City of HcsiOi 
many years ago, pt^ivklcd such meridian marks on stom-sdreply set Into the ftzound m* 
Boston Oommoitp CnfbrtnnMrfy, electric wirea now psn« nil around tbe«* eretunds. nvA 
oven xxaxmrm them, m> that reliance can m km§tr Lc placed on observatloflft there 
mad?. 

The Berger Short Fonts Lens Attachment, 

A very valuable addition to the engineer's out- 
fit is found in the short focus lens nUadilMH 
which 1 m# l)evii beongUt out. The e^nimunc* 
simple, but, like many aimple device l* veffj 
affective in overcoming n prwctica] 

Probably every engineer has feiHtn auruiyod by isdr 
obli^i to eight a tyilnt a Mttlo tm> near for 
tclwvopo to focus. tratoit tcleacdpcs will 

fi*eu4 m a js^int much nearer than A ©r !* fc 
(levels ni it nearer than 7 or ^ fectl away front 
inetruiiEenu wliilo It U fre^ucnsly noc#i«ary toslglf 
a point on the ground nearly under lha liwiadt, r 
a dUtanec whii-U is titiully h than rimL 

In mtao summing at well m Inside of factor 
IntflditiL's. <101.* fretpirntly ms sis to »uht a 
overhead or on the walls ami very near the tm? 
Ordinarily tint only way ixtt of the illfliculty Is to focus a* nearly as ptw#lbSe and do 
re*t by % As a further iti^taucc, one often Hints in leveling, that it will be uec*c- 
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wiry to lAkn a muling on a point iwy near the inatnunent* and ha* to ttmn to vnrkttr 
weans (.all of them inaccurate of getting around t he dHttouliy. Tbt attachment men- 
tioned cntirest* of a xmuH aluminum tube containing a h* tuple ten*, which to attacked in 
tp c^L of the objective. The Wun b *o placed in the Ulbc Una u can be accurate] v 
ocniavtd by means of 4 adjusting * rew*. The effect of this lens to of coma* to bring 
my* Ui a focus nearer to the objective* and thin* enabfa tli* observer to focus a mattrr 
object titan would othetwhe fiw fmostblc. When the u4tt*oot»irill focus no m-aivr than 
ii feet, the attached tens, marked I, to ground w> that it will focus objects 6 away 
ic 1 * * fAc eftjeetfre fahf Li draw* 4i cor-/ tit. Tim allow* tin) entire motion of the fix- using 
date for dtaaneee betwem a and 4 foci For dtoianc** nearer than -i feet a wowd 
totv* way U*k* the )>la«* of tho Urn and will focus up to about 2 k feet, It Ute two are 
u» -i at onoe thu distance fie reduced to about two feel. 



With thin pair of Ip mo* there to no dtotanco between two feet and Infinity at which 
objwttcannot to* focused The accuracy of wnrk done with this attachment to la no 
way anwrtid by the wckrltigof tlu? attached lens itself, asthto la capable of perfect 
adjustment. 'The only way in which mw can occur U through the an perfection of 
Uie objective tub*. If the cylindrical surface of the object- hood id the tckwcope on 
wlurh the auachmeut to placed to wit cutwetttric with the optical nxto of the tefow 
ofi]»e thto error will enter Into the adjustment of the attached ahewt hx'us lens, Thto 
ern>r, however, U never large on an instrument mnt out by onr firm. But even 
admitting Unit there may be nova* error here, it mu* tie reimitiemheml that thto tens 
t*- never (Med for objects more than about 0 feet away ; conwMpipntly tbp rtsuhlni' 
error on the point to entirely rtegligible. and the convenient* of the attachment hi 
numy enna# to so groat that it entirely outweigh* any such consideration, ilnno the 
wurk dune at thto dtoiaaco will bo entirely conaUf cni with the work done with the 
niKtruimrnt on the longer dbunre*. Hip attachment fills a wont that bus long been 
1 ■ hy eugmeoni and la certainly a MCp In advance in the perfection of inimmirnu of 
pnxrutan. 

To attach this device li> tfceir old hwtrumcnis fit will be Decenary to send the likstru- 
niirut to them* as every lens attachment ulu* 4 be socially fitted and centered How* 
vv.t. It can tie supplied whh any of their new iustru meat*, either Transits or Level*, 
made since IH&5<. 

V\ hen attached to transits, No, 1 permits focurfiog object* to about feel, Xo, 2 
permlto foe mine ohjoot* to alimit %k urt i both permit foi'iuSng nhjuctn to atonit 2 feet 
fiv'in emtor of uistruttant. 

I'hto to ho Important a feature that on* trial will coovincc cute that It la IndtMieifcsa- 
hto w the outfit of an engineer The dovfoo to patented. The M-m Berger 
ar» :U*i> prepariHl to aiuch it to their Wy# atwl Dumpy level, for focusing neorlv as 
Clow- to Mated above for tratiiite. For pri oe» see catalogue, page HSM. 






Price* on application, 


Ir* J<- TirC XX. 


Catalogue and Price List 
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Engineers' and Survey ora’ Instruments, 

W. A ICR A NTE I > F [,ASS. 

ttAHriftllUi Bb 

C. L. BERUEIl Jk HUNK, X®. i> Pnirlnc* Cmirl, JU.shm. V«kn* 


NOTICE. 

In Belp<ftJn|t InatTutncnu from catalogues engineer* ^Iiotilil not be IM bo much 
uj & simple cofnparteoft of prices a# by ibe advantage oflcml In tuperfer merttf. 

a*<t pre^rmtian of Jine <{uaUttt* in e* im of *rt*rr We 

eat* die Jottaiiuts where tram.li- nml level* of our uumiiWtuiv hud severe falls 
[tank lux wilhuut injury to my mm 01 instrument — ik* even dEttiirbiiig the ad. 
jUtmeQta. 

A greater outlay of gjl) or in th* pinvA4iHFc of a tuwrior article i$ a octaitr 
ii4 fix** and in eiW end. 
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ialj m *m*U nf rop ft## #f lUiri, I* bvlif utmin -4 l« tfe* MftHHlvIira *1 *«r Jatir»Hel1<- 

H*f*rw J'i-jV rt-jr */ /kw rr*/ "st/nnri«iMff far /w£rmwtfj «*/ /V,. nfr-/' i 

44 'if r* ■ v . /.v.'.'v , n A ’ /'jirfi ck^t-i ji ,i// v .- -■/ {r+fT,\, ajLtfeut? \r* unfa;* fad j ifa rJtff * 

** . dr H* m 

tlkuuniaif or Paki. VIktal t'iu AbrA3tJU4>L 

l, Cl Mht-M * U9 1* Uwrl AtubfnuH tlnni* 1**44 u*(*|L^ 

J. Tripcd He All for L«ii Of Ttimii 
j, Stiadar 4 »l fbtf Irtuy 

*. Stridlkl Liwl Irem* kw TUne 
l'^bW 

$ lUrif.V kf Sirdinjr Lrrtl 
* Gm{MM SUb 4 l« Wink* 1 mini 
7 Vimifrt >nfi Vir»kf h*t» bet 
Vfttfccji a fC g* 

S. Vertical Quit 1 « Minin* Tniun 

^ Sifr*hiilf 

in r fVrw»l H+]jj fill Hu ie T*He 
II A kink ler FIjafTi^* 


AJutdoun 


Sivfi 4 lew o* in mI#JN 
}foti 

Sav*i ia# twit jKAiod in 


fnetto* of oukc ti wi 
■ foul poind* :n 

" Ob jw 4 *«<■ k*‘# ptori-itf 
is AC-fcV 


H*nt< 

Boiu 4 n 4 kfttUn* KN«t 
tur ko«c f'- iM fl* 


M. fiuwlwii Fiu# tii Ml* 

Inf lro.ni 

*$. t% Siamfird FtJinc JW TtAtnli 
N O IE 


t|. 1 uhai frv rirreut 
* 1, t Omnlar Ua 1* im h W}* %#vm) 
Ij 1 SiiJiilifiJffor Tr*fr 4 * 


1 (Till Im Hub 1 «* 1 |W I<w* 

1 Wii t* , t k IV . , j r \ irmfwni l**T.*i ilJAbttl, 11 .* »1 


IM aid iflt b *4 
in m*tii 

(*» fwuul In weight 


JfW wright 
t U*. d wc*bl, 


— P4g* f«, -- - im 

cifttive 1 lie p 4 EXf 1 

i.rfuLo‘ 2 ', when ***“? 
[iVnol in prrwtftE **Jf 
eLitii.;:ral-op . ntdu* » 
in nwJ <a in tine. 
tlifl. •*4W* 

\.<it 1 

N (.1# — Will fw dnlMffU 

ith'4 - II i.i.ttf 

fmiJltd 

PrW, ki i»i *iki' 

S-ifiM. — **«'■; 

- I'V h i Ilf -. r- I* •■ S * 4 rc> 

thiji ar>* oanMCtcd I* ™ J 

1 * f r ;< 1 (tlatr mi *cfjr 
«nUA^iVi[ ti*p ' 
mrt irlLi^iflilf «| Ihr 

lit trk \ 

Vrhw t \i ra* fo U*K 










Paris of Instruments which can he made of* Aluminum, 

I* m»4* lij f L UtMfr A 'ion*. 
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Divers Parts of Instruments, 

U Marita l»j C L ttrrrvr Jl Hon*. 


iftflitfRii ailbod #f rlt*iat< «t<*, Id oHtr to »itt lDatrDa*D|« llfflit ud «lllf vltJinur rfittrt 
\ w k to thi* »• ill 1hi* tljpdinRiJtif aluminaM- 'Sm** ■' i»#n*rp) ( a»«tr"*f |+b«** 
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Spirit Levttk. 


For iht btMit <4 <*jt (iKMifii ne *ni*i«ral* 0* prltidpai SfUJl lx^]t nt ut trrjurei to * ujt "V 
it ihtft nutkf - DjC| hi mkk by lib, -ani in uf the mu Mj[wr*>r qiulll y -at line* fcrnlM**! vtiili u« ir,*4i i> 
In. the fc»i ImIow n t £?.* length, tbirr^t, jrrt degree «rMUUt*i«>» r iWy We j^r*4wjt«4. it * 
Hilt, u thv4.ii, jUv«, — Levc)i jiflittni in vitt Inifi* this K*t t*» be m*fte to wider *nly* i-id *v3 be fcj rrotr.ni 
<fi)y to>cn <itdw & fciCvtnjwsicd irst'i fb* AvSr *r mm wSixf for ntkrvA Mir it i vJj w >ikJ aft* itatiwjffiy 
hW +f jAi/rvwK/ it u /h, »# »iV /A* J*£Ttt sf i kVnVr*/. W# mill poihlvtly th< ntkt mj Iiyb4i 

Ti4Tn wriiuo ilirttm* <n* wily, bit ieM>t to be tent In 4)1 ttttt, u uibet^at; wt *- ill t»t be r«|m* 

kM* fee any fiptarc ** thil *e*;«u„ rknc iced j fc&d i V Prl«v Md . trai 
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A\ Ii. Berber A Sons' ijuirk Lerelluir Attachment* 

Hko^it it applied to b*iHi ami Ymantiti* 

i |*ife t* <4 Mai**] j 


Price, #8,110 


127 


y 



Spirit-Level* tm Metal Bn*e. 


Niirt ~ Fcr «*c in *mii u *w*, fc*t JrarfiiTcn- *«., *ul f.. r rc^laii 
rlwrMC^l lltantm*. etc. 


Grminil Spirit - 1. e vc I, <*n> illvbkm of l.*vrl about l m Jn, of «ns: mounU'4 oo31 
iuoli metal bane. joovhM with a handle, Level adjiihtahli;. In cam, 

. _ . Price #7.00 

(»roiiii<t Spirit-Level. no division of | at»> 0 t :(0 of ntv- rn .null'd on 
f-bd* «»•««» *"»■. l«>vi<W with « imiAUe. Level a,lj g „taUe. I.' <Z* 

Price *i:LOO 



Lockn*8 Hanil-IjpvpI. 

•iriMk or alck(4-iil*<nl. In riiMi .... 


Price #U.OO 


~*Tu% r in 4 m of t brAvt. t j U r C Snthrt btt, wills .1 ttfci inrtl miuiuuiiinjit tap |» iJfc* ldt of It* 
uif»TJ*r*r «Ur «u|» Ufidmuih ihe l«rd ii a bmunial m-n* %tr**5<l>>3 «fMi a frame. Tiu fount It 


wifof- Ilic nw^Mcf tlw tubcic tn4 wu-r ■» l}ut rrfectei l& th* ■**. 
Dr pimrdnutt lMap*ftcn In two k*Vrw, Ui cur .it »hk'h «ttfl lie kiUtfo ten! »Vr fotiiu«4 sWidr V 
1 c;vnn Urn yiirai in ihf lU.iLf I 11 I. , ul,. ‘tk.»*f|Kf Ji-rfm ' i uf ,t; mm** vk-w, JUttlir; tie? bilmntnt ti 
*f= 3*4 Rl4wff **il the n%i*a~ct*£ wiliJ ihj hifeUa U blwct*<U Mlur*1*UFCt> a* b* ha tloruA 

thr <tKti biW At lb; Mac tow. mi apprniiiraiP U^rtU can ihrfi be taken, Tn ptimnt 4m* .ir4 
tr r* cnttm^ Ihr mn tab*, both th# o*|ct* ji» 1 tUe ctrfj 4n cJwti « wiib i4iin s Ui*n. In tr?iisiiij/r 
•wfc (lilt it ,1 *tey a*tful ImtWflWM. 



Hnnil-Levt*! and Clinometer* 

Al>my Level urn! Cllnomd^r. 


Prirt* $11-00* 


NiStfc T^it rno timet* i» tiir.il it in the Lk4c i kird-lf-Ti 1 ], bui tta *mill ipifit Stiff! t»s tep 

r An bm smith! In tier v«rtr£il jCan* ind clirr. 4*1 to jhJLjL tr»dujr*«1 In Virata iktcee^ (hut it* ,i f>(.W+ c4 tbtwt, 
tie , »a iiMMtea aIms 


Pocket Leveling Inst rumen t wiili Divided Circled 

In iii e ordinary pneik* of the Builder. AgrieiiliuraUsi, Gardener, *tc_, tic*; u 
Ik often rv#COMrr lo obtain relative position* amt Height*. within pnictiral limit*. $ (it 
euch newts we offer thin hmtruiuvtit at l*i i ce wit made, reliable and low in pilot, 

ThU Iwrawdt, aJw*n cm a* estrtMie page, to* it? vniiwul advene# tkn th* Itnl btAhh, 
wfpTi jiirj mage* tan all be teen at ,1 glance, nnee the btAOW f*i lilt Icvd <*% be kO fro** -aIiMu t!>* 
k<9* »t «1 m-t frrm without. IN* but*;*# It i*hiht A14I r*jgrni**l he th* factifr the ejoiatce, arid or 
KtfvnuM iJvp rfWkflt* cd lh« Intern (net 1 it timaJcfibJ}' 1 j'im 4 **»d Way tn«cfi th# nvli^hluml 

le*ci At Che Mmc tawe UV Uj.iuJlirn c>i » iiio tiinjic that! tVrt* wb* A» m< k#** 1 < ■ *%*\ util) 

ordinary l*v#l Aid !r>*rc{a# mu r#*#i(Ev t#vnrr# arl*pt |n ;:i u«. In thi ttctiinju t'k*r it«t it 

MT^n|ir**eot t*t fkafljr W *e*h The a ffilpll ly'*m 0* ^dUnwltrm, the aVccflt* >> 

milk. but the eyc-piccc Ui* onh a tittflc Irta, 

Tb# in*tfxuiT##r.: can be mreini#ri on u»t craven tenl n^p^rt, for Appetrittwilr ttu'^ eki t _rt' t 

praci v*. lr itvty e*fi» be Nbl in i>e )>ibi In tariff to <01* *1 A *-wbV ramatiini, ti tw be placed nn 4 tnr-»d 
oe jjrob-*Uff t ee ten be acmrei lo a bcuA, wind#* till, i*r ether tu**ff»kt4 M0p*fl< Bf nwanf <1 ll*h,L 
jlejJ. mt^ec; xint abw# thr Ja*a^un( s*r« ■ , ib* mMuiirwc*: cji* be j[crMiTuir>7 piaucti in ft htaUtdLM plat* 

lnoni-r tom \)m jjn»J ctow^wlftt *f tW vk <*■;[►* -.+J.Tcdr, lha rm-picM aJiik tnuv f.m bs 

intned owl *t in til lie n-im tit vetj thai-ply ikbuetLilitn b j lureitijs Ok I OdMitie wtftv# iJic main Kb* 

nti ot ii bill thr image #4 t>#* «bj#<i at ihc wnr dEtlinct Km d£>txhcrt ui io kvt tl+ 

melin mW lAunai |«? ncitd iRI ibe nine on the lube [U*? ilw^At Pet llwltf dWtiiw tb- i«W nv^ 
be m-'VrJ oul fitiHer, in 4 fotLonrjw rfnt»T-rc» tuir *4 ,n z'-c&f-t . till in tjdt ci* the Inftee it — 

Thu U*t pTOEWM can l# 4 rrf*t tnr t.tV the NtifU#M*t fm** ti# (tn*r ,ini holrmt ii In tHt I*jM, At 
thtfeit nrtbt ott ippwile. theft U* ftiiftnr with* htuc in iht ttnlef, plitej 4 t nn 4 ii£’e of *i*'S?iitd* tl^> 
■ntin tbie tebe bA-e Ulit nimtr it 1I11 b vel. wt. *'b bn tee uliutFri* '■crriii't. Tfcrmi;b the u(icrnt|t n ibe 
bctiKfn of lb i* level tulw b|bl M**#t, LUuKiu**rt|t (lie (fiVimr, ant ttbttt the UitEnnnrr.1 11 ioriiiiTAtl, bf k«i- 
l#f tk eye-jtexe, llx Wtbk uk% b? me in « tttticel joikiofi «M a* Lhe wune lime the Emi£e tut 

cretfr-wiret tun mha, 

Ep cnicr tn cbtvn » ftottilrei of ti# ipmimnl « ft to ejeTirtf the -iiileib^ttH »uj 

*n*+t tfc« <b)rtt-i£lm meiltbe the ImLIiW thill *pf*M m ihr ete 11 f»^fh ibor# th# %r? 

opeiinc #& it i kc* below the Mitt, a * illiweneed br Utc tnuil^ cut rije , aiile. Uf eeei w (•>* tttrjt dif^t it ;>>Kjem 
in lhe l( c;tcnii. fliJie.thr In eectirn of ti# bibbW mw ;# tteit**! The e;* tb>ni 5 be pUrtii wiy clr*# v» 
lhe ete-r^ece » fc* In be abe hi tAethr dtt whole mime lerittf. Neir p||hte^ j?erwtu f nK nn nl 

ibeit ottnte bnn^ the efe cico tn the t r* + pirf#, aJiojEd IjJc# tbt efo^-wurr Ptcrwj; *t the mtric jM 

wiicb fee lb# hwVbV Jitv^w and Irtlew sit# qn#, }w caie tlr lri«xnim#nt ti in n hf*v*ime -nbcvv the li#bi H 
JCW. thfjh«%|ile rrij be mlkJetCy illimimiM] by « p 4 «ce of while j^jer of the t*ie KkiWl hebj bffteix* iht 

l*rJcc T ftbovi>, with u?w*iTiiU ho? licomAl i*irek» imillug 10 mimib -. 

in Mo two l*ock*t Qw P lid Hfhi I rf|r»:«tS $32»00 


Pocket Leveling Instrument with Kcver»iou Level** 

Tlibi iDnimmimt, fitted wnih a rt v^mion level, ban rfimpcired wiib other dr» : ^ri* 
provblrtl with * striding level, the lm]^rtnm mivnuu^e flmt it dUpenice* with the inoun* 
feiilence of adjiuitiiig the level, also with the reversing of the lekreope in Its wj'es. 

TIk lelxacopi tnijiilfin i> timia ; Eta dfAniiinc l# curh ibat Man dai onr hilf an inch can b# avid off at 
■ &itanc« r4 jc^ f**i, lb# d#fi#e >fcf fc<*rac.y it | T i f- <4 the d#ur<f. 

Tb» wwiwAltvvl k eec#4#i ifri pr^tevfcil fr«m enerm#] Mfluer»eeaL ihe bottle k Jlpecily ftiifcl# u 
the field <4 lhe eve-pim, ibe wbile !■ mounted on a li$bt triped wiib a ball and wkie 1 k<ol. 

Not*. — Tbii inHram-'r.t, wbkb it 1 r jv icxuran meatofrntrnit, can tc ni#d vobtoi prr‘±snn*.T* 
adi*"tmtni The miitlpalafktn » i*ty *!mUe. and it d:n t ihu* ; *ct v? t>e ImtPMitti tiA tb# IfieS nn it* 
kit end ukt a reeding; m*h» tJtr tTnbnf-br^cbvi tenw bj wb*h It U faievnrd to (Mr Ioiri«4#iiAl bar > aff\- 
ins *b« micmn#t#e wrtw ; lurm the Mtirutxnt ■i|>*aie /•)<*« wUh ik WwS dp right anil fj.*t#n it place: Ute 
innth#r re*ilnj inf ti>? j/^Mtttitai H*t** I* lhe enrtett v#l« 

Price t fncludltij? Packet Cnne* #43*00 


The Road Kit i I tier's Dumpy Level 

has boert destined hy ua eo nw-et a gTowiivi; want lor tins nxed builder os well as to r 
the drum age engineer. !‘lu- -b gm* of arenraey ot*iAirnd with it Is I'^inmmsurate 
with the work reijulred. It will ucitb« as iccurtifi? ah our 3S or IS loch Dumpy Lffd. 
but wt- bclicT* it will quite *attidJMHory Sn th^ above cam f where a lighter and 
eheaper Instrument is desirable. 

Th# uMtcopt l» Inch#* lot*, U main*, atp! h« sn a#cfidfc of t % ln<hn in4 1 po**f nl m 4tSMl|» 
T'V mfkce MtfMlfd with an i.iipfo%n3 few ,irr*ve»w#/ fnr tbc atcurMc ot CrMKvllWi 

of vif* large xiA Ha* ; nr. mi uUi. /* 4 muy fr*m ihf rt+irr #i4#n fixwiatJ tf # 

wu* Jjtfmmc* m*sJk <nmli 4 hi /# r V ; Ttr? CffAff i* *rtj fUmr. and <4 1 ># hapb *i ; ttj 

Inch T#ry ttniftiit iplfil level i irnsnimetf don tn* dtljcfe friwi faipnd atmf Itvthff! «n#t. (I p#cta vhkve 
and *far >- 1 tn the caa# trccl. Mxbnfa,r»j cue . provided acilh airifi**»i brra*, tutAaina tun-alaaic, wnocK 
(Orn’icivcr, »*1 aaliaailn* pin. 

Not* — Th# irSMT inifvnrnt. t< f nr <«f dw 1 b*pj lewl tjpe. hi* to be adjMifd by t># t**t> peg m^ihod 
at detet ibed in our Pia^ual fp. |4> fee the [Xjrc iy Lewi 

Weight of Instrument 7 tbs,, weight of tripod from ^ to 7 lb«. 

Grot* vreiEht of iagmamefil, pueki^i securely for ihlpMfii lu two boies, shout 40 lbs. 

Price, f*Wur/iA^y»mfaitfAa fo fAr <^irf 4s?i^» . , $70*00 


Extras t Stadia wires, * 30O 

(iimmf r lag, 1 0<* 

Holt)* of ihit oil ,**.*.'» 


* N T U of nr rnimfjf tur«. 



Pocket Leveling Instrument with Divided Circle 

far Iftjl** off lUrli+stil Amir*. 

''■Jdihtr 1 ■ «'/ (or KgpfQldiriLt vidi ii rttutxoivu.'jt*. ik -□ >jfAiiU£e *tik 4 lor Uram* elc. 



Pocket leveling Instrument with Reversion Level. 

r« Ik* a., of mliNn 1. . or i „ 4 fltn., I, IO p«, 4 , tlll , . of 



The Bond Builder's Dumpy Level. 

Sal, * M| *® r r * m ^ l«U4lpi l iltilupr work, m-1 (*i lUtinf Ii drl»lu lels**i Ifithri. 




t;w 


ENGINEERS* DUMPY LEVEL. 


On account of the grv.ucr compacting, our dumpy level 1a adapted lor 
railroad*. water works ami mwiuulMiiiKv, etc., pencilling of high accuracy by 
greater BUnpHciLy, am) In ters liable to deiuii^iHius i»f all parti, As regard** deet, 
ft hii* fill ilia advantage** utf the larger etij^iit't*r* level*, but an It eouaku ofub>^i 
number of iikee* aiMfacrcwa, i* Mip^rkr to ihcw In point of durability ami pinna- 
nancy of ailjiirtineiiia. With a properly Mgitni'd dumpy level of our make, (*e < 
frtjtiAtm* at *\f d*mpy Jwl.) an englti Oer can perform an high a elii** of work n* h« 
i* generally enabled to do with a g»»*l wye level. tlepeiutlKig* n* he doea. tu* bo tundi 
on ttof Aaifiotr gn»rfccth~mft, u* on hU own Mi|n*rtor *kltl and eetiae of fUTUWCf In 
Mating adjustments, The iijijht part of thin instrument k entirely cloiti-fiufahud* 
The Instrument 1 b packed In a mahogany box, containing a euMhade* a wrench, 
a *erew driver ami adjusting pin* 

Weight of Imurtminu WlDti,* weight of t ripod from 7 to 1% lh** 

Urooi weight of Instrument, packed flecurely for ihlpmcui. in t boxaa, about 4! 

Iba. 

Price $100.00. 


Extras to Engineers* Dumpy I^evel. 

Canter of luaurumetil fnadt of atecl, and hardened, * * SHUiO 


Stall E:i flstfd, 

Qo m mer wat^-prool luig P to protect tl*o tafiiramrnt in cane of rain or dtut» 1.00 
Bottle of VaatHhcgta lubricate the level center, , , 0.S5 


I ill 




15*111**11 lining Ldld 

A* fe> I ' I- R* rtf#r X £«*** 


’Hurrl,’— Tlpf oil rvpTTFflU thl* lawinimni! with a iclwef^ nhnwitijf Inverted, If ofw*«4 

*i\b in cf&fjicc trtowpf it* Itnglh will to* CnMIt* the muni nuU, p dwwu in Ibr cc£, tk* 

yip-4 li pmvMni with thurr.S m*> w ith which If foMea Ihc IcfM JgftlrtM the Ulp^d ht>»4* ui4 tbf |n*ira 
totut to** 4 (*** ]lq >2 b**i 4 frifftilur t« tln»« La the: e-it* uf *ny EngL^tr*" TrimiU tt»J 




I S3 


ENGINEERS 18 inch WYE I.F.V F.T. . 

I>«1 rtncuL «f |*rr<Wo** 

EUtmn or seven »* ml rich powerfr] teleeeooe; uneriuM of 
™ >*rovM«l with an improved **» 

n< < urate fbcttMtirg of cf 0 ^ 4 -wift!# : rtoM u f view 1iri ,i , , V ^ ^ tiK» 

W r lli mi croM-wtre* komonul uu d Wri>cmN .-t ! 11 1 1 
of tr*c ou oU <Ustmu?s ; oUhmu rrwt ; tetnem* Aafak/Li r r ,i ilr ’ /*** 

omfar itktn focHtord i<? a m^an itofuiov ^/A $na^u>iir t tt * t it \ u * ^ ^ Aim 
■eciiiwoy iUdnUki tdl**S IrfE? VriO? «■* 

fc!iri.hVJ"' lh lt :". ,Pl “ i ; *«**■<« Is cun hollow and pfovMnj wfch’rit, 0 *' 

^inch very icn*idr« spirit level; Irwinnm-rrt doe* mot detach from 

‘ elliig H'rV'Ws; it pocks whole and nhnnU in the c-iutr end tfahoi/sut. ’’ Vr 

raiffr ■“**• ™“‘"> “e.'s 

W,M K lii of fnuinimeat 11 lb*., weight of tripod from 7 to 7U Hw, 

« "™- Vydsilt of Pelted Meanly for shipmentin two boxes. tboJ 


# I to.oo. 


Price, fnefirdiny a fjrtHrttio* to (Ar objrtt-*KtU, ... 

■IVlwcope awl level tube will bo elotb-flitbstwd. unless ordered to thT^t^X* 

&ZSn£"S&$.$.f • ~ 

Extras) to EiigliitH>rM’ Wye Level. 


9ULM 

1 1 HI 
III (HI 


10.1)0 

1-GO 

1K.OO 

100 

0.?G 


c *ntev <■{ Inarummt mode of steel, ami Urdcm*|, and numb* In a socket 
oi rm Iron, hujtt-ovvil * (S«e cm mi opporite po*^} 

Stt<U* niitw, tix<«l ... 9 

6on t‘oeuslMe(eK-t«4iMilU, Ifflt) iwnnjt * ) ' 

lleut-i nlrrorwlt h universal Joint. (This Is readily attachable to -ho inn™ 

SK« ASP* r ” r l !' r ^ •» «H> EE* -SK 

Ex, ttw 1 «ur* b ij?v’ T rn,r,: - rnr mt> " it,,Ljlp telMcope When' 

. * ,KP ™ l * ™y* ^ to <> bright fnr vocuritc work. . 

^f P^TT ^^Lt^ll- ttireC k ' T< ’ ll " e » crew *.w »l*own In cut of Hydro-’ 

WAkr-pftKlf Ikftjt, lO p-TOt**! lilt? UkfltmijiCgt j n 4 ,f or rlnnt 

Boul^ of fill* wuich oil, to lalricflfo tli* level collar. . / tf 

Cd(tt*ihd nr*, m Ihe owe nt-lirare tij« ,f imtmmttA* h>r ts* 

««« n„y t , ™d“ , w 

NO. 2. ENGINEERS’ 14 inch WYE LEVEL. 

No. 2.— The eeecntUI feature* of Mil- Instrument me like thoM. 

^fre"m,r wWah? "tf S jJSJfSrf*. ^^Tr - Wy *' Lfni ‘ wi "' *ke ox.^dS 

t**"*, $ .WSfiJM! i’lTT- S&1iKT.,2SrS 

Weijrht of InHtnimont, l> It*.; weight of tripod, from «U to 7- , It* 
l Gru« weight ot luotrome,,,. packed asnJfier iTlwlw about 

price, r«ri*rfi»s <| protrritoa to ikr otyed-elide, .... A \ .'frt.OO 

tur in a »u(r. <{ tlw*? |uu Lipxt nmk ccn 4 ftaietii rd ******* 

fthld, mdK tlMfiifli MKt« fr« ,fr icrMxratur. a . lux fit ii n+jflj 

ihfttr *oih fcur hj f4 hail.!.,.!*; „ n ^ r furit . nR <f bnaT^li^L b £S»T si 1 a 

■l^dl fcril it-uj tmtjjy *>0^ fti*olfcrm«xt uu... . U t Wf l ( ’ u '^ c « reveteew't 

mmi S3 " la MOtrTSK^ ^.JTnS- ^3 " ."■ h 2 *v- <-■„ Xr 

Virain* Ifilurr In l.l, WM tii fd l^ni n^Mv t. .? 1.^. * oc , k 7 I . 

y^iuieilio In ui it rr.™* iKtu :J .,l,v- ,| K I 11 ' 1 * 4B iV. ^lll‘OJk-1. th, <lot H 

fl «»' t— o.*r i. .... .XimU •*** -*» 


&<\\ h*mi i -y § f tuaaa|lQ3 
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Hydrographcr's Wye Level. 

With ttirff* Uifllif 

Fitjw itsfci i Thr** Jetting rtfMn &j*r, (*. jl* A* rrjjtjrb urtde ctf Utit iY»g i\i% ;i.Krui|t|i * 

iht trijuf! bf mean* of It* c#ntfr poK« oi tiurnrr, uc ett and d t » rr. ; A ✓ ; u , j>. , m ulitic " Shtflsj t ^ fr 

Inf, 1 * Ac, , d*« tot* bet*)*, 

This iiistruumn, ai shown on opposite pagSp i* exactly nitniUr lu >>ur Khdutef* 
18-inch Wye Jx'vH (see p* IH'i), except the tcleaeupr, which hi till* IoMiumcat In of q^* 
intrrt mg tixd. Unlcst otherwise jipedlid, tb scnsUivenc** of the spirit level will V 
Midi tbit one division i ,** Inch} will coy rrapom i to 8 to 10 ■ecofuls of arc. 

The weight of ihl n Mkxtruinniu is about the fume as that of our tS-iuch W y> l^] 
Hie Im>x jii about 1 Midi wider and on thU account U nbnut one pound heavier*. 
trifKwl Inga are aptvad ns far apurt at the triptxl-li^ml a* the leveling screw*, In order ^ 
ensure the proper degree of gtlffnoM to mrti an Instrument, and on ihl* account u* 


wvijsbt of the tripod is increvwed about * IM-% 

TSi* irtffnratcnf wifi fa tmofr to Onfer only, 

l*rir4% n* u Store, with clothdlaisbed iele«coi>* and level-tulie, . * ♦ I r*N*(Hi 

Extra** to ]Iydrogrnplu*r f * Wye Level. 

Center of instrument made of *u»at t and hardened - Mace 

Stadia wires. fixed . * . * 

Mental mirror with univevttl joint* (This is radOf attachable to tlte In- 
strument ami faeflilate* tlie reading of the bubble on soft ground 

without stepping aside , , « 4 1000 

Extra suiiAhailo with smaller aperture, for use with the wkwcojie when 

tiie SUIt^l my s are too bright for accurate work . LV < 

Ootiauotr water-proof bag, to protect the instni Burnt In cjikc of rata or 

* 1.00 

Itouk* of An* oil to lubricate the level center * * QM 


Non: -Ibllilviioiic 4o1<«l fi«n* the ut* v.I |}j« VmUnf vt*** * in t b* trjp.n,-ci‘» Ww 
whfu iMUKflona b**c ur tkric c 4 hr&t jIuiiwUt. conki* I t ill t cre*Ki t*m *r.i l**m *iih *bxh 
l ie LmbYOIc <4 i it*m.i wnutttr t^iifit-kiYl, jik! ffxfwby the hint vl ki^hi, ci'i be oonlruld, U* betuh ttst’if ( 
luI in wtti-k ol m. irry \i*>K (hir-icl^x, 

Thhi viQ W mutt rc*di!y md;r^tui 'shtn «e wenliot tb*l the*? ksvH An? ho^ij-ffiTlv null (n rod c# 
wunji uf Arc tr« it*Tj {•» bi-trimil h jurt nf jii inchutt the Lrbbhh tcihi I* ihimn ilXi-rt, 

Aiiri *» ip^iriuiuolo 1 er«elinc of mwirvin-ript, tn [«wfl a chir.^* nf hri^ht n# sn.trfmrni, k » f A f *k~ 
*.bic «t thi Ur^lini «f r.t by it* clump Mtt?w ai tip* *111*, A^d Up leihfl uj. hf thi -tihir lira 

• «r<»r» *l;ru TliU todio* in Lki numr, j 1 . ■’, Uj cwiul lor clon&c* a the kvel cMitcd bf 

th* of the iHpad-fexi* 

* r«r trrrllv |pppwi miT»£^l ekfuwtm *i ^r fyjr. wCt^WT |I|»? if l-i’ W* tft+ter tf" V. 

Oh i'll UP u it|UM rtf r *'t f»e <-l A|^rf^Sfltr#(j , attW h>* itm:*! Qt imtlrif Knnuirh • lt ** 

Itttill » A true >T 4 U« ^ Aif t»*M -iJI •* ?» tow* litAkrc *ji* 


Iniirmfitih tow-||lil 0 1* milr lb* “jf lift I nlltthrt* lrirHn|f «r*(M lmi»trbur«l(* 
os ttlpc»U iijiii for iRf of one l**r-«TMi tmsUi nr Ipirl*- 

As a connecting link betoken the iestraOMBta with 4 and 3 lending err^wv «e 
toimerly madp an arrangement aA shown m shk* cut *j« o[>js>*Uo jwtec and deectSwd 
below, and ar? atill prepared to supply it if desired, li, however, *eems hanlly deair- 
aido to hi^ used, u* the greater ateamnma of tripod and si nip lie Sty and cosnpact&tflt M 
exemplified by the Hydrographefa Wye Level with 3 lerelSog acivua (shown On fu* 
oppothl) arc? not aUaincHi. While wc do not rrcotnurend IImj adoption of this d* v*oi 
w*? retain It a* a featmw in our menu far turn simply to meet theu^aime that aniH 
our cttttUrioara may yet lift v* A« cam al^jn w< seen by referring to the aid# cut . out 

Qnbelt Leveling Attachment (we p, 3i>) may in tbUcam be applied^ altbou^i. it will de* 
tract Mill more from the »t^a41neaa f and In a mea*ure the advantages of a finer spied 
level tatonu' IbaMned. , 

With the intermediate ba^*» plate arrangement tho three leveling Aefow« re^t ta 
gm:in‘« provided for them in the ba**\ or lower leveling plate. The instrument is at- 
tached to ttie tripod by meaaa of a screw in the mmw manner w the ordinary vre 
level, inunkuerh as tlie bai*’ plate la a part of the instrume nt proper and Ih not detach* 
able. 'Fhe uppi^r part of thU inalmtxkeitt is hc^J firmly In i he Rrootee of the loww 
Uat^plitt by means of a strong spiral spring in t Jt<* central #wckct, which permit* the 
ium& of the leveling sere vm for Aelr entire length, The leveling screw* of this iu-*ru- 
merit should be kept, aa far os possible. In the middle of lhair run to secure the bv« 
action nf Uie spiral spring 

Frleo of infttrumetit with thU drvloe h the tame a# aboTc for tlie regular Iljdlw 
miihfr'ii Wye UtcI. If provided with a Owid' .iftocJbwrnf, 

Price, extra, JftH.OO. 



!$6 

Rovernion Level. 


AppJIfitjp i 4 hj of Obf W|« r*i*u. 



Tlu> spirit. level nwd tn thin future differ* from ibe ordjtmrvone In tbst ;i * 
ground to die UWft shape m» (bat the tangents to the level bubal* curves, 4* tba 

mo points of the scales, ho parallel end diametrically oppoftlie, llr die u« orun* i t ^ t , 
Bjon level, auacliabl* to any of our Engineer* 1 Wye Levels, In plate of the single rul- 
ing level, U is posable 10 do giwd leveling, though the adjustment k of the splnt 1^,1 
unii cross wire* are entirely deranged and ihcooliar* worn (see remark below) by *jr*t 
making the level bubble central ud taking a ratine. Often by revolving the tdrocoa* 
i&r hi It* wye* which point is indicated by an adjustable stop,* making Uw bttbSS 
■e**n ccutrel arid taking another muling, The antJmictical mean i* the correct muh. 

1 : v ]l* in an Clin agency, be appreciated when it 1 * known that by the rnw 

of the ttwlbod above the work will average 44 good as that done with an ordinary rani 
wye lew), in adjustment. The adjustment of an instrument provided with a r*rtT*kni 
keel in taaife in precisely the *xmn manner as if the ajKilt level waa of the single raid- 
ing kind, since the adjustment of die lewd wh~n it u reversed will take care of Itaelt 

The reversion level is guarded by a reMwible outer mb* (P&UkIoA. no# tkomn in 
cef) leaving a space of air, im a nonconductor of heat between it and the ordinary tore] 
mounting tube, Thin exterior Itibe *nw both an a protection against breakage and 
sudden changes of temperature, and, n* lie Inner anriace In painted white, it also nets 
as a reflector which facilitate* the rending of tho bubble. 

ltcuuirk : The Inequality of worn collar* cannot be eliminated in n strict »j*m 
by using the raven! on level, yet for ordinary g*nxl work il may be said 10 be. Niw can 
the tetit for the equality of the collnnt be direcUy tested in Ibis way Ikk should be done 
a* in the CMC of die ordinary wye level; viz . by the two-peg method dtMgibod under 
the ed^etUnefit of the Dumpy I-*vci i [K ogtn Si and ix* of our handbook). The follow- 
i rj Jf modification is to be nokil: After the line of collimatiou hi* hen adjured fop dis- 
tant objects by t ote t i n g the teleaoope In 11* wyee and the spirit level lias been adjusted 
by reversing vtvl for end and adjusted laterally <lbe lei earn pn Laving the su indue Jo at- 
tached. as it snrai to baboon thn telescope when the object slide 1* drawn in). tU* in- 
strument t* set tip dose to the near UrgcL and a rending 14 taken with the level tub# 
in the direct position In order to eliminate tlie error el colli maLon for nearer ob^clg, 
should any exist, another leading h taken with tto feOeacope routed lfr) a in Hie wye*, 
and the mean taken iu lUt true read lug. If, now, the horizontal wire also bd-tecl/th* 
distant target and the bubble remains central in each position of Uie telescope, th« 
c ullars are of equal diameter, Should the latter not be the case, the error may be OOP 
rcctcd thus: IW*ct tho distant target with tin* n i-pe In Ita direct position, and adju.it 
tha level till the hubbto h ceislntL ' Hotatn the telescope iwiP in its *vc«, imlicAtcdl by 
tiia mop, and utite tli«« uundter of divisions through which the bubble moves in order 
that th* distant target reuuajiis bisected, that a comet ion can be mad* when nicdl 
precise worte Is rrqtiirtsh 

h Is a>*umed that in makinu tim tost th* temperature of the two collars bn* Keen 
alike and that tli* UtWOOpti has been In proper bnUnce by being focussed fox n disujv:* 
nf about ^WKI feet with *ui j shade attach*, d, \ ?j;ratci> on the telescope or object slide 
Indicates tho focus which the mnkitr u^si In c<juiUdft£ the collar#. An apparent rtr^t 
found as above may be due to a chnngr in the shape of the level tube which may occur 
111 time (for which the maker, of course, cannot be held responsible), a* well us to a 
worn vondition of collam, nr ttu-sn enttve* coatblnetL 

In order to tmor the emir to its source Hie mily sure test U tria-ln with a striding 
1^ vi* I . *&r** En g i n ec r’a 1 *tvc bo I** vd . 1 

Prim Above, if vwkrM with our Wy* Level In place of Uie single reeling 
^Ina . $20.0 Ow 

• It a 4fi e-ilTtmvlr dittesh millet to pind a Wvwl <£ tMs so thtl the licVlilv olll Tmmtfn it 

^I pMu.K.isA^p i| f A ft* 4 t> 5 e Ihiumh 1-. ■- Hu %t*v »*o uwtiilrtin] b w fiiud, Uun^.#., u ^ 
t&M stiff ifct levtE hit bean tm-EMd cucity ***/' tt gfrm s pc*ixiiK. 


w 

**■ I** Berger A. Sons* EmdiHWs’ Precise Level. 

J * * £rmtod > (F*r (ut w f> Trr //p. 

With ml* lonrUr strew ter r!*w Lilian tit iplrll ItwL 

It it * moll-known [act (bat, Mtinfwtorr iu» il m*v bw on acciHint of it* cni ti »im 
^^Sr? tl»« ^«M»y »>* fcwJ (ML Ws. 133 I will faii ia d^W ufacl 
parsi-y nr In rApiiliijr of iiianipuLittan wiicu Uwt ciiweat tv mi it* arc rvumret) It often 
bijiM'nt wild! preewe work l* required. tin- tlmo in Il-toIhi,- „p and k< , ,iii r - the 

U)bWM>f jui ordinary good wye lurei in the center of lie graduation by lieaLof 
( 111 , four iMittag U Often very eondderable amt when the coufW i* over 

f w*nip> or frcprii ground. the vexation attending the work Ja apt to f w mat and tho 
l ‘>' y*e nwirtrjjui jia^m^ti Hi required lo keen th« bubble in iU 
pj ai > I Jji> manipulating of tiie leveUn- act U very apt to kad u> a change in the 
t 4 im or the irtaeop* varying in magnitude aceaiiilng 10 (lie style of the Wtrusujiu 
|lt Ls hew t*» be noted that this Chang* in (be height of (lie tekscopo H le** in our 
j^thflr’naSM)* * * eveUng Mt4W ™ Wll ‘ lh **» * H the with the inatttiinom* 

To aid (he KugftiMtr in th e |wu.<*euiii*n of exact m*rh. avoiding the errors cauaad 
bj rite readjustment* above refer red to, we bar© dozened and ore pfcnurad to furnish 
ihe in sira merit shown on page 139 , 1 

Hy referring to the cut* It wit] be scon that thh instrument it mounted on three 
breling screws, am! that the center about which U*e Itutrumrm revolve* U unusually 
lung and unyielding, Two amatl spiral luvcU attached to arm* extending from what 
*■• may ch.I the cruus’bor (since the center of tin) Instrument t» iieruuuientiv secured 
tij It ** In the otdinarj style of level*) **m to put the ©enter In a vertical position 
lhm floeunnf at once a nearly horizontal position to the crow bar These small teveb 
ire adjusted Uie same an the ordinary piat* lerels of a transit, 

i ,lli8 cnaw-lmr carries a micrometer wrew by which tbo telescope 

™ ns level can be raised or lowered at will independently of the leveling *cr*wa a 
rtnuiji «piral spring un the same Mde bold* i li e wTcdxtf dnwn upon the micro meter 
wrew Om arrangement jwovkire a mwl delicate motion up and down, and enables 
nne to set the babble accurately at every sight and In a very much better manner than 
2? h l the leveling screws alone. The of the miuroirn ter screw* i* dt- 

'j 1 into one hundred part* and as a rule its pitch will be such that to 252 nans 
wwution ' of tire screw will make a change ..f one foot in the reading of (he rod Md 
it * j-oiDt HKi feet away mm the center of the liisimment. It rosy be seen that the 

'tSSSSS 1 «** very used for mating; gra-bi reeaauremeutsL The 

Sfsduited dlK, when reiMlIiig rero on Urn |ifd«*bw t brings th^ Inatntraaut at once 

m n*h»k il isattfw - The di»c can al*<. be readily turned 

an h At by taking bold of the milled liead (the disc is hold on iu arbor ^imtilv hv 
mctuia) 4 so that for cunvcuieuce* a reading may always atm from zero, 1 1 tough the 
.n^hsr bo not k^od ire. This lasmreiont, a* above sUtad. I* provtdad with three 
iLiij CW I Vi ' ft fjn]l «PPott on the tripod, and allow a closer aeutaft of 

■ u bubble when the Inmnimot is nm m an arelmry wye level, without making use 
the fuieroj&etof. f^ee p, 3H. ■ 

y, i'blef Feature of Ihe laatrnmeuL hom»m F oonshita in tint fact that the 
^rets on which the wye bar can be r.ti« d or lowered v are in the tnlddlo of the jnstru* 

mSLTSTsw 1 . 1. a an . of Ihe line of collimaUon, thus se^ 

5""f 10 the telaacope a uioUon in alUtunie free from any chaage in height of the ]iu« 

« -.oUjmatmn, though Hie reletreoiie w^re to mo*-e throughout the entire range of the 
Ji romerer screw diirmg an estenik^l leveling opafaEioa; A* a nils, the working ranre 
hv micrometer will be limited to a few revolution* each way from if* normal 
Inontor to k**p the instrument as compact a* possible. Th* lwtruMUt iAlso 
Ringed ^ thin, whenever desirable, it mxj be n^j ai so ordinary wye level. For 
rr* ^ P/J' ided* at the objtei end of the cross-bar. opposite (he micrometer 

. . A ' w **® 1 * mil M -bend screw ami check nut, by means of which, ami bv the mKTo- 
screw^ whett ict at xcm «wi cut), the wj*e-bstr may bo set axnctly at right ancle* 

” tIie corner. However, for the hue setting* of bubble in bench level Ing 

T P^ ft *}“K lvJ !hr etc * the micrometer screw should tie uaed exclusively* 

A clamp and tangent screw motion U uko jiroTHci and *.> arranged that it can 
2J1**?* wac * l « i J TfVf « lh J w cud of the telmeopa. *l'he cn*l and wye.bar* are 
WhoHow a eh! 11 m- former lit* lusiile the latter. * 

‘ ^ T<C> ^ ,*^,1 ^ w4ic#'4 if. iri»iM nitE04 1*» j h*v*Tc pUsif Kr#«i KUig la ial bekw 

u a * t* r tV -3 U. a. (Vacf Cfolw lc«U, de^i^d 

> yaanrfw /**f Kt ye «)f nmirn ol Iht IcW-ip* In altkudt Wifi- *1x3 thin# km kr^ht. Ur m 

ESS 6 ?. E ^ WW bidrntnnKx w f ^ auJo^s*. V 

C " 7 [" H w hU * i,K '. V WT, a* tbc U 

» J; h r f f/ fifW' "h» hi k Ih* b*v* cf Mpytec Cut +kj>t\ 

'** .MiKffc h*T» Woi^kl it cn* *1 a ikull ol a prtebe Ut*L 




Tli# Ttltfrtcpt *IJI t»» iwvwbK't t*r*rti*£ in ovAcr to idm* cd a* Uric *u »| crtt-f Hid k* fc^h 4 , 
ii it |i?t*^c. Tk** : s<t j^wftafc wftll bt *$f Uicb«f. tW luiaJ kr^tli it ab«ji i* iiK&tfm, «v4 it mill 
iiiKmJyviK pwwf r ct ^iduimlmr It nt-SCI be pt'wtfci mOb fuel »l*dlJ 'ala**, in itw oj T ^ 

tNv 4&U3IK* in U ttNVHfil If - ifl a pdni in front ci ihc tibffttirt to ill bxjl kitf^k 

TM MpIfH l,t irk H f< d- Or<j|* it i fend, ard ■* made mj ibl at* divirvfle fr4 ^ , 

i,«h) squab Iran * tm 10 ^nt* >4 arc, 'Hue icntilivcuMA uf lie level mill. iMCetfi f* i-tef&tA t* t\, . 
trf*l** h it col nfCtwry, hwmtf, ft* tai» a jdt iwn Atmeirr* than i* I 

Seal ifiWnriTXT.1* as ta v>tf-«<iu;tb« Inti b *}< in |c**f more tr..*bb lla* iu vu u**. 

4 K«iirr«l#a I.fTrtrl wtur m cac be A^plird in i lead 'he . r^k readlue kul d «d- dnA 4 

* «vvi**iV«kr itctr Kev'f Lev#K p. 1J4JI mhen ibr bjtSrsJ prtfiiKr n noi nifdui Of tirnmc « An 
the rtmika Ic-rtl mxst te oMd » th* lined p£*llh<i mi mifU 4 HO|1* fwd*4f k**l 

Tbr iaiilljrr Sirldlnir Levrl« U as*’ n rtrdtird, i iirtrrjllv itw^c sensitive tlmi or* * 

vi in inch I eqi jkU lfi)f* S io Id w^nd « id arc ; bK ih« s*n*rriwiiif«it hat be madt * link iicitcr if 
iuf eiftnitepfol **#* irtJr, 7M* Utter iiMJtkii *ni*4 otly t* s*wd In the n>.*t pfMik*wli firth* 

Ifalinf the < rf«.,. :r nf thr caUit* alter prceractcil me. in 4 ithCa I hi* U i1;nt in WOlfd be tt timed In *, 

(ICC (ft opj**i*eV 

4 Htlil y I r mr will be frffrisbaJ »llh Ik in*trn«cM. amWIdr In riiWf w<k i4 tfpc Imi, - 

ut tr*l tLr t^ibliU siipfor-jt uuk ; m Am'ceicticc which will be i^prcculsd wbrti <r ' “ ^ 

tlai| poutd. 

AdJf iliBpaK The ei'iEfisnent «l ihc IckMOpO ii»f the kvelvof !•# pfrclKli at in an 

wym kiwi ailijsiiTAt: < 4 tk* wye UtsI. jAprs si end m cl lhh bAfbbrmk J Thi tjarii lent! ^ *\ 

ihjinoci urtiteiA h ben He (tlncnt "oh in a^aj4.i^ .f.'u A// u /neadAr a duAiAiv yskr ^ ■" 

wbca the ickiCf^c e* in lerfcd bilentc usd ihe eqaeijCr of tie t*dUr4 U M*uf»d th^pbc ; for ihartsr - .-ju/ 
hoA^Mr, ibcfi vi AtmalJ freer due tothr unluUncinr *1 the leioojje tjuied by fla u'bfKt WUli bell*? tlef-,- 
urt. Smld Ai ihH tfi't may le It c#M be rfiiirei| cbnlraud Ly «spb brw^ir^ the Uihbk to tin: r*nk, L 
the sue •>! the nicmralcf terra . 

JKwfli *«Afri.w. The hergroaf bn fern written si mttt ktfktii to pre a deir imimULediig tf tic pry,, 
dfai fcaium ul iM% iirttccmenh KHuraOy, thf t|rrtiu.r miv ik^a rrvvnl win i*u ot# j siriOsic t* t : 
xVicir, in pbtee of ihc fecid i* reversion leiiel* « i* tk-fit fee Knu *4 lie 1*1** iWJumetfti, yojik « Ifrij 

Af tic ff'TC’t Afnii, e i^fniing ir^m lh* m^bik rd the ctcwe-lwii, must occciiAfily be ifirrad quhe a •iiuircc 
itpAt t, lo rtJriiJi fetm'r the icn^iiVm fd fhc wilh ihe hud krtl « lie myrx To ihk *r mir 

ikat a hud Irvvl jiUfid beta* ihc tdefeepr. where il U fiiiikt Ag»lM4 l.ttikcf »d, In 4 manir, firet 

Acrksi • I it«e wo t h brtipr Adapted lotfn nanis oi the CrtW £ n/Cimnrr in rotes quick »Td ACcerAie k: 

U uhe*, tcwiJi, dc,. lion i Mrhhap kid wflli id isnrr % imUnfim ftatuirm ani man.;«Ulkifa -*i*M 
pArMiiiladhr if ibr wurk waa lu t« of the mat foteke iIlAiacipt. 

tile irtU whtn OSceeflarf <4 4 twk vcof w Are iudk worn nr bnrwifec^y n^eiVi lint the tirldftg kilt 1 
any tdsartAAe oi-et 4 hits! ow. Ate «ic 4 hied kivl irep« »i> Jil)i«mfnl k Ii l*-' nur^tL, 

thin thr finding Isvel, anil is free from the rrren due lo da uiXes4*Jt£r of *4 tlrf eellsn and lh# swt 

Moreover. die COMfUdke Of ttc new Inowwr/t ta szih that il he* a grcalrr stahfjjiy than Tl.wr <f ^ 

cuke We cljcrebnw bebcee tint %hz filed k»tl h« *4 IcrUliTale 4 ti*nlK»: «a ilk iiridit^ utsc. (In iK» 
COfinfctir^i read srlicVt on ihe iird and Atridir^ Uy«]|« ceRoa* I* ol id ihb rifud/t 

Kof il«* ab>»t arrl ffmikt HiWM the Anwrtfar* JUipwcrn hair and will nils* wknw fo ihe >«jrA* 
ncM «hkh ha* the level btrd ia list liktcope; on4 thH bai ltd Lit in the ado|nb#i ..J ihit ft et^re in nr -if 
(Mtruirettc Thii Idea n ako prAiaVrc smctix the hut ^sirurxcft ttAhm atd engihcfri is >.;rcpf, as to* 

lx icen by cujoiitift o Tti 4 NlffT* robhthed 4r^rfi)o*.n rd a dtnVLir io>1ruxarn1. 

lust ram ml, FhiWhi l K iir1flntr* Wf-lyhl, etc* Th^ letatttp* m cJnth-lln^lipil 

while Mi»t! of tfad more bulky pom of tbo iimEruimdit an* Kitnply [tv^ltd etUKt* with 
cloth fiiiikh or pparu :n ontor l*> k-ppcn the* Ci^it. N<» aUcinpl will be eh mb- tit tffvc an 
elaborate at tlto expense of accuracy And utility; lltogpHlltr, na ail tht otlifr 

pftrta will bo brciizcil ar*<l LM^ticrcil In a mamicr cuaioMry wiilt tii* it will prertfit a 
ojjblaom apr^firAnc#. Thin iinitrumant ia idichmi emt in one bos in thr* wanic »ao- 
Her sir wi? |mck ihc rtgutar CuHloeer’* wyc !«¥*!, It i* aci'iin'd to the tripod in the 
anmc iiunacr am are all «f OUT iunlnitncnra with three leveling actvw.4. (?W page 1 M 
for ilcucfiption ) 

The mahogany box Contain* a nqnhhado. wrench, acre w-tl river amt adjMlOf pirn 
Weight of bi4tnitttect, lit poumh*; weight of t risked, If *4 prwiDd«; weight of n-i 
hognny box. Ini pounds ; grot*^ weight of Imummem complete, aceurdy jxiekcd tn tw* 
bfixe^ for t-htpnicni, 00 Ibi. 

Frier «f tiiis Ini4trtitiicnt, iitverting tetM 00 pe» dotii ftnlfiltc<l, mcial 
anrror, fixed 4tndla win*,s and a *iugft midingJUrd *pirit'brcl> * 

Exlntft lo EiiglnMrs* Preclst* Level 

InHtminmt provide! with n revcr4oB lew! (sm*c IEcnrraii»n Level, page 5 ^ 1 >,w 

Inatrnmem provhM with Inch auxlllarr striding level, iu addition to reg- 

uhu ?el, 

Center of instrument rnwle of etccl and hardened . 

SttMlwle wiih saalier Aperture, for u«< with thr telescope when the mn 

rays are loo bright for accurate work, j-5 1 

f*o»aii»e f bag, to protect instrument, 

Bottle of fiji t watch oh for lubricating the centers, cte, * 

* Jr »«lk k to s< Am. » KfH** wcaiJiaiTf n>jt " 

w* fl A ki« * 1-1 rfrt li/M| 111 * * all U'» l<‘U sued rf/U P*** ciSci, m prtJfT *»> 

A* in r*U 1^* i.. Ol.w O* *4“ ‘ 

nJhfh f«q-4,’n». Rip- ^1.U^£ 4 U Ittnmc^j • 

t+T-i *i*l IS PM|M*iI. 
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IMune Table. 

Tld% lOfltnmKiiW made by u* now III om- 1 -*/* only, in designed to fill a w*nt wk^ 
± h($k €l$m «/ «y/ri‘ lit Topography to required. 

In order lo obtain gt** i rigidity a*d ttteagth th* bearing surface oi Hie tow** 
motion \m* & diameter of d^lit ittdir*, Uh- board rv*t* on illit* lying in a circle twelve 
lucli** in 4iiRivtur and the tripod in of <xore*pmHJiui£; siu^ To i>«* s*tiH port abb nil i| tv 
^I'ntUl pin* are built ott tin* skeleton plan to In? Ihjbi and ulifT a* «Jmw* in cut. j 0 
avoid a tooMtilng of the fctifcUiig screw lustcQltLgs, m often experfcm^d whvre they are 
titled into tripod hrtnU made of W4 xk1, wc make thU limd of nom posit* on brut**, tuanur 
the other nan* To reduce thi* weight by the use of aluminum. pag* 4 * 122, 

Tiie boom is 24 x tin* aJkLwto Ik Inclwt* !■> ng nod Lt ncrjtfled with & jt\ 

ioub iOTerting tetwow having *n tpormre t| Inchon anil a powemt 35 Itafnctcnt, jf 
h** ntndu wire*, u vertical or* reading to mintiiea, graduated on folUl silver, nmi a u-n 
ritiro striding level, Two tlxod level* am (uounied on the tutor. Tti© latter I* h» »f- 
runged that line* can be ruled in the vertical plane of the lino of colHmaii-m, if desired. 

For adjusting tiie line of coll ini illicit the teto*:op* can lie revolved 1HIJ* on iti to ngt 
ttftdlfial axtp Miitefiais and workmanship nr* 4 of the best. The alidad# k brontod 
uni lacquered In our customary in aimer, but the tripod Iiend and lower motion are 
neatly j spun ied. 

Weight i>f Alidade with brass ruler. *«,«*••• <1 Iht, 

41 *• Lower mullou, . , II u 

“ 41 Tripod. about l* 14 

“ 14 Board. . t .. H 8 M 1 

4 * 44 Alidade and access »*i leu in mahogany box, . M 15 “ 

** ** I -ower motion in mahogany box, ..... K 11 

44 " Boon! in pirnt box, ... . 

Grow Wright of instrument picked in tour Now* ready for shipment, 11 Ilo 151 

Price fit Plane Table, complete n* nlime. including board, dcuclied 
rompa.-**, screwdriver, damp*, reading Ja**. plumb boh, nc m thrwr noses, 


Not* — W* hunt mruvjiKt bno lupi lu (c^haJi m Isrxtt bsiM tu ireftase (be «f V(M 

6<4rUi. W e <£> iJesirfr w not* ihk line* Wi jf* fsJiy owAflt in tisi mi iiuiiiinl luh.ii *bm« ?tL<«J. 
i* junfilr niff Wt »nr w m*kt a tvrte *nti arw*. lynu |<i ■» *iF(fr, ♦<» imhe* io 

/ i )n»<t Ur£«r IkultiI l»* nr^'dird l in,iT4i%e in *m -jbl will Iw jUeut in 'b» Pf lot, Jf'i ,KI 

i| iwii w:fr*s *tt fni tUi l*-c^r Lntrwr ludBn.tkinA cmtol itiitntttisnl »ill ht ttOO 

Fur sue *r4h »m.Ii a U**e 1 »*»J "* ftfcpaf** to lunmA am * 4t*U, ** 4 ii.be* Ims 

Prh*. ttlii. #10 00 


I»rlee 0 f A Ildiiclts complete n* itliovt*, iuoludlngstHdtng ii-vi'i, d^tiu habk 
fompo^, damp*, tUo„ in inahuguny box, hut tdfAowJ fmaor/, lotctr moiwn and fWfiod 

v jou.i Mi 


To moot a want where ht pwror portability and lighincefi are t bought to tie more 
od vantage y* than greater rigidity aad eon^iw nt neamey. we are proj^pvl to 
furnUH in plao** of the above ileacrlbed lower iuullon of (tie t*lanc Tahir slMmn in 
the accompanying cut <*tio of the John>4m tyjw and ehameter. A ih^-rtptlon of 
this may l>e oinHbd hero, (dun? il is described in any of the modern u-x i*hook** oa 
pfutf Table VVork. SuJBi'e It to *ny that this motion is operated In n manner slnib 
lnr tii that described tiftder our Quick Leveling Attnehmont fsw*o pag^n 3» and 13d) 
of wideh It t» an Invortod adaptation, but U of greater al^ ( range nnd etoadltieea- 
Thto movement, with leg? id! complete, weighs only from 4 > to 10 

price of ifnbiiiMiiiS Improved Plane Table Movement, mtmnimt on lurr 
tript, , * * * • • i * * • * * » ♦48.00 

price of Plane Table limn ing Hoard. *« bar, , . 1 ApO<I 


IMnnc Table. 

A* n»4# h; I Ip ft#rr«ri%aiii 



HI 


Engineers* aiut SnrvoyorH’ Transit. 

Till* instrument 1% designed r*>r engineering work of a high eta**, *neh a* i, 
required in bridge building. water work*, auditor city mul Iain! eurvoying, ‘fi K 
*1/0 of the circle U xiictl that it uuiy tie graduated to mul fo or 2fK wftbf M « 
taiirne to the rye, TliO telescope U of tin* best ih-rtnlUoin and lias a targe npertitn 
with |icrfrcrH T flail fieli], 'f lie li in iiroi untie, and give* ;; targe licitl iriii K 

plenty of light. We ndvise our en* tenner* to order m tlwrr gradual ion* for aitia 

liMirumctii, also ground glass di&dcs over the verniers fur reason* given on page ^ 

Transits No. No/1 c.~ Horizontal circle C*f in. (edge of graduation), two 
double vender a rauflag to minute* ; two row* i\fjkgutts hi opposite direction* ffi ini 
ff toStifF; fipurvs on hw*& mid teruitn are taoff*# vf In Hit? direction they cbtuilrf b,* 
read; vernier* and grmlttfttkm* urv protected with Hint plate glass; graduathim 
are slivered; uugneile tmlli. 1 1J4 lueta*; n^wttmtutfgr ^v^aM oftetei^ot^ ; 
tin 3» roved spring tan^tnt wrap; improved fotw ftuqKttf jer^ir; 
the itiftriimeni exa«-tly over & given point ; improved tel n*rop©iiJ§ incite* bu^- 
Object* erect ; u|*erlure 1# Inches; power of the teb-rr*j^ 2! dta„ which qwdiar* 
JtctpedaUy for telemeter work; cyo-pWo Is provided with an improved screw mn 
raitgemeui fur the accurate tmn -slug of ere*— wire* ; telescope ta perfect}# baton.* »d 
and reverses at both end*; splrildcveui prouaif aiwl extra Sensitive ; line of eoJJll na- 
tion correct tm all dU-tanm without adjustable objecUftUdc; protection to object 
sltite; ton* ontpound carter* with henry itangca ; toproreef *pUH**j tripod pnvrhW 
iriVA fAanntonii/*. 

The mahogany ease ha* a leather fiteup. hooks, etc. It contains a SQfhftJt&de, * 
wrench, a screw driver, an mljiiMfibh- phmdshuh, j; magnifying gta^, and several 
adjusting pin*, and weigh* from vyj to 10 Ihs. 

Weight Of Plain Transit. (No. 1). . . . liltf Ihs, \ ... , - p - 4 , , 

“ 11 Trau-lL with Level Attach i Vo, 1 a) it ** l rr b™ Avf 0 ® 

“ " Complete Triiiudt, (No, I hand NV*. 1 c) 4 * j fm311 * to 1 ■* 

Gross weight of Instrument, complete. packed Msrurcly for shipment Id *3 boxeK 
about 5<) lb*. 



Extras to Transits No. 1 No, It- imdtisiv e. 


Yertdero provided with jpronnH phv** fAoi^n mpo puge fl j . . , S&O0 

Graduatiim of lairiwiitnl circle. o it sufid adrec ...... |i*,<Kl 

“ “ hwllug to 3W M lOjfil 

« «• ** ao t# ..... #igg 

flmdnalkui of vf»rtl»i are or vertical circle, on miiid nilru .... ’•■Oil 

f 1 rad i enter attachment I page 3U) . , .... !*M 

Etatlia Wires, fixed ........... 'A 00 

Skort Ftipus Lmfl (|i|M 11^ IKh. On* judr ...... 10.00 

Biehanta Prism, attachable to our ovna/drtr Transit « *^r Levels *e<« pagt* 

61 of Manual) mg 

Arrangement for (it right n uyl«M , 5,00 

Aiutiiinum guard for the full vi-rti^l eireh* (aaa page lift . . . 4-00 

Variation plate . , • < • 10>JJ 

Goasainer w ate r-^pmof hag. to « <»vcr trenail In cn&e of rein or dust 
BoUift Of line wtucMI to lubricate the centers, *>te.. of tranait . , * 


I^QTW— Scmtitaw* se m wkefl Vjf th«e s«l Mwv*lr *evuiiiE*4 «iik iH pfinopsti m 

imp* «« ulKe a hl&+r poir^r tkiti it cuCjcmr? «iih the b«M makff* t*pcn * i«!«*or« cf tbm *m« -rK^w" 

abevf. Id ** ift uv ihli wilh ih# pc^vt twealwift* *t ff gs«5 fr*J*lu in tijiln 

Ufl bf Mttirwri. aivi \}*\ dfeilc ike owk b* w£,y intnuri.ik Hhl *td dtAnAM ot tl* 

«o«M ** 4»iiiiiUd thjj r: ^wikd r*n4ef 0* iwiunn i #dkwni in o«t thjJi »»« tr*v«w 1* *** 

rritl U> t%* tenets wrilUn «i llie tek*OH»c I « alw<w. J » **to c»w. !«»*- 

rfft, «Utr* th# ioaranitel h pfir^rsi^ i«-un4fii fto u%« in todia mvAuire«4<«ts, wt Off i«(reai« II* srctmTe 
»f «* imrumt tiU*t+f* tnr Trm.ji, Np \ ff«n l* f to l*k 4 S irws#r Thli iTOttMM apetf^t **» 

rrrrw <4 a hirtwr This nat*u*fitU ftfwfUveh W M rtjrrewn, on b# 

witb nseli* Jdttcw: b«1 tfw ii»nj;s f d ll* wit** |C*tii3ir brcktti, tfdalMaiii* llio Us tot ♦ x * 

ebanj^c tht CT c.{.-*rt. if « ^* 1 . thil in iiufMtala lb. iAhti. *«• tb*. ^ <,f 
b* it link r mnn*& in to t> rr^rraw th? ifCfttir* tb. id l\ ,if.|hn 

etot *4 ib# initrufwtil. *f^ Wh w-w«e*^ m -idoe* *n ctftnc* «i wu k 

Thi* claw ui idsfinr. ±M At-uul idoi- in ** <hs *f tht I*i> «tt " K ‘ — [ ' 

ta in u th< iii*tTliiir kjdA, u* Ins rent «♦! m%*t U #t*4r 


Ff i^lcusjfa 
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Plain Trun^lt, 

HM itlnn i*. wlili «lautUr»U '‘Mil linwbi*! 1 | h<MHI 

StnnOiinlH liubtlird UkiMri«rnm*iii (an W^AjInUA) * , f?xtra£&O0 

* Fornix Mini clitOTtpilau nf (hi* iiutrujuimu ** »eH m* f*«r |*t£v 1 12. 

The ycnmi* <4 Uftb btulmuKdii will bt jib***! m ail angle of :Ui v* Hue of mglii 

unit** orotral to In; *# in Abovct rut 

All OUT tnuultfi nn» jtfnviiievl uiih ajtfiK punch morJk m\ top the Utrm^ps to rim* 
tfl c^io-r irwnnnefil from a {vjjnL aIkivh mn teell ok from 1 n»1i*w. 









1 



Transit with Level Attachment to TVlwope. 


ns jihtivt ♦ will i Hi *il i rinidi MiUidarda inWAind pruditHJtr 1 4MM1 

HtandiinlM Hk« inuromt * * . extra 

F<ir *die mod particular* of ihte tnsttumeni, mm well ** far ** jimgif 143. 

>'OT* — Th* tfu.r*rtcj of «hii Irftl MlKtiwm con&tNtd miih Ihr It&tttretol Ok In mil Jj» <K»to/*H* v '' 
Wwl In mir^r-oliH' -n Aid *t itoiilir In ihjl dewffcH wwkf nsa- Hr^rr^Taphc4cTr«| r flit idji^nsc* 1 
Ult it O# hitttttf. mu* I* «aI# in the ife«f(b*d u«i 4* *rA i+, t* bf mt« «* * 

a colhnainr - Wuh a tml itlilkaeii of iht Jtwr* lend, kvdacciia be duett »* tin FO*« « 
tdi i CMlg d* mmUwww U flw nM4«*«l vx cq*») *" tWi id ™*t * Kt 

The vemf«m of ihu instrument will be placed ml iuitfk of W 3 to lino of »ig& 1 
unli-M ordered to be a* In above cut 


1 


m 



I'lati'iiteri, 


Complete En\*lnvvrn* atul Surveyor** Transit. 

Thit .Vijich vertical arc \* pfwriiit4 tilth d»uM< vernier* rciuling to intent**. 

u s a!m)V6i with cloth litiUluil suiutani-t and without cradieiitM 1 1225 IM 
SUuuhiril* (tubbed like iuBtriuiumt dofA .ftnte* «xtm $&0I 

For aixi jiarticulftr* of thin Inetramrnt, *a writ an fr* »#niA f sef* jwfr 142 , 

Nc- 1 *.- Whtfi if* nVkd, tbi. Ln^rjiiwi-: 7V4r~*fcr Ut±m inUjui w l 

id it»t C¥t» ttw tHfiftiifcal vrmkn wtii b< *l 4f^ T hni nf .^>,1 









r<uitjiiri4* Kiitf iu^rr*' anti Hvrveyoiv* TrutmU* 

Thr 54&cli vertical circle li jirovUed with fjMifrfc vumWrs muling to mtniUM. 

PricHMisi above* MatvlartiJi pWh tliiiihnl. with vrrnlcr shades tiluMti 
n«m piugnl/ur wrikalctotfe. frif yrmUrntfr , - * 

«*itrwi»rdtt flnlAod like ittrtnmtail u*» cl*4k /»»*.) , , * mini 

F«»r «»? tuul jxtriicutar* of tfoU Ipsimmut* iw well a* (or K/fra*, mhi jmxv * 1+ 

S at*. 1ATht& st*c£ * *irrn - nl4sJ 4 lh»t lJ«:r^Bl t«on<4 a TiCkjmter, 


U7 



C'p L, Ilergcr *V Sim#* tumble OpjHMltc Vernier Attiicliniciit to 
iirovklcu with a 5-fudi full vertical circle* 

Price, extra, $ 20*00 


F^rrrw^wiwitfelieEfflir^^ttihMi It k nr* inp^irtin t n> r.-ad ih: tofl It* fW* 

thiri .t iirrj 1 e* t *r«J W ^utinJiWyR to ^ r , ani thu? utilinary vertical ari* Jtol circle* <4 «ir eKweeuclmi, a» ito* 
Ifitfd ifi Eta iffCte&Mt Iht Ml»*i in tlm rrtfierti Tim* iivjumiw, *M*f 

If v urn wlwra it 11*17 be Acwnljk lo d&ni«**t error* iiri etf#niFK**rt it the jpadtaneu a-id vernier* of «* 
ttflkdl Cifcfde lit th* mjim njonir a* In ihi liccirotiUl £TuJrjtii«*i W rc*ito( tv*t$radfci vcrncr*, njd O* 
DjwtnKtisfl ihiil/iloJ dm? hi* b«i» *V*»cr*d to met tin* «Jit- JU lb* venal o*Of c-wir^H b* lur«ii Ink 
n« 4 tntlr era Lu aiii* n it frpcMtra docked* ldr*<y* im*W IwrrwrwtJ, whan * repclUVi* i*«? *'•£« k 
iloijed. * The fti*in c4 |Hr two rcuilm^f i*> then jccr;»tcu a* the UiK re-*nh. 

In tlwjWrtIJImtnfitbjii it* frjMe In If m* <4 tW vnikal d trie anifi k* of^odle refikr* r*jdfcr-£to 
tilMilrtx ‘it* 1YTT«T* JTC m lhat *€ cfevMtal tod depnrarion can Ik r^i *14* elK W W 

j jfjJi, Pc# <f4)iuy work ih# verticil ar.^in rtav lv rrwl mly Into cmr vcrrl+r. Ih* fnmi fc* fiitni tons htli 
modi id- id tntUka, itol 1* drtttor in <«iWr fc* pfprft th* jr*4wlia« e< ibr vtrlkd deck !»*■» 

TtonpfKMjra apmun-heaikd , jtrcwr* mukiiri J&iiirtt 4 m)ittM| *tod *!* the *nncijni. ire to 

Uk Krn*ip>ei4t ■>! th* vr ru^n to oarablr with th>** «4 the vefikal circle, all** lb* inttrurorM ha* toet* 
Untied ip *o& thz lekfttopt pkti In i Muir kn»x*«tii fiKtim, *h«i lint imn w 

i, ttw *r«<| and thu orM.iti-bcaded Kfrw* Ox tfcVtkr frurn ifaiicijcA a kx*& pmiam white It I# 
«»»;* tirdr arr r*t>r+*\ ir aliiln V. Tlx« dr\-iw cat he *U*wl -J to tiinv'i {Unvifd with a j-uitli lol 
tfitwl datk in i InumniiftH *b*n 


The Tuclijrmetcr, or UlllreriKil Surveying Iti^truiueni. 

Qa the ktkMBC J<«rk Hw of th* i Ki«ii»cr% fcn! Jf %l* ^ 

to mm *11 So, I * Isdb**i<r t n«: I Af It T*&y*Hirr h*» btor iwl f ht wuil nl a ^dk iMit t>* tl« <^rclfto 
ievto ol tito ffldMW'ii Jo4 mutcj'oi'* toi»t hm* Un u hen felL T1 k terra **JVupm?i Itoto 

a^r;-ej-trnf In m IrKiraimmii «Sm uk tup* evu tnmx ih* *tfilul dm+. H e»it wimifiilljr on*- 

mhfTMivw ni<&rKTitr » to »tntl W t< In t*hkh tV Vfroul ra-4k<i U ibf wliwif* U tw |n™t«nt 

dUfiXteddlc. An in«runwt4 luMnjr 4 levci «« il» lefm'H*?, * vvfti^ an; fw tod wiftw ti 

la ipVfj tc^tbe rij'il ttxalkr *4 ndi(t% in t wjn'qr, «wt at t » tatwfcte c4 ike df<» ro-crainiic* of i 

fn+Jit n ipa, tuiixfy, the nr«i£Jtf tw-«4AiiU'r« *4 nmnth irt4 aitnuli, *ul ih* radm ■« 10* 

r 4 r 4 fO^. €€T«y«i *ic»»orcr* Im Vvt> Jtohcd J,i s aj> )¥jrv m t.^ |n«iiofrj^>tA ul thil d#- 

•oriiitiHi 'The durm«luk <4 l*cty*m t+9 K rhut all the dila n^wittd hx tie h>tlUo* «f |* 4 m* *Ten- f vtf 
drtfraiir^-l ktr the feuarwmtft, by ifwint <U W)iliitt|l tot vefttwl mA toiiii nuiiurcnitul*4f nl<iocc. 

The cntof#» w«i i rad^ii*r art Jinlliirie* H the twatoffttiffirf 4l uich^ in4 »* In-itniraeat haTjng Ihern, -i 
fljh&d«jn tj Uto rMtntill fealuitt nv*itn-rird ahwv it mart pcrfttlly Jvfapte«l w hf^wmtlWr *•**■ ”* *™ 

that wt iwcd nuh u> ifith^y U t Ittr^lkini iW- ’ r^1 \m npipow trrti* <U*»£'*e, w>4 wr Vto* 

Nfr to Itofr thai thev may cem? nio a* (tienl UK in ik* a^ tl#? ha^ in £org|i« t and rcvllt* tl# m 

oui vcnkat lih/aici UvW ttf^ko'cd t* th wnbi that* hotiuiacttU Aid ttcKh^K 



No. 1 c. Style p. 

JU Hbi# hr f . L l*rrt r 4 


Taehymeter.* 

Horij> mini Veratar* In 
* Hii Tetacop** 


No. 1 style I». linultinUon^ of IwriisonUI and vertical circle on solid 
f* ..T* "!* “ «*««**: frlncti fuJl vertical rlrvlc with two double oapoelf* 
ii.rnirw t(l over v^tuktt; 31 UMrh frtritltnJh'vot ; 

(craiH.-nicr atta&Mem ; IH,,\ Midi - wi.ee ; Hr. A»«U ife ,l4th flDtohcd ® 

r- «d p-okvtoK « wO ~ (.c .»» « n „ 1>ri “’ ■» above * *300.0* 

hMtniiwqt without a mrktluj* level, 

double OfijKwiJtp vernier* for vertical circle, ** ’ $2*1,00 

d S!w?ISS!Erl^t 2 f, 1 ,i 7 r U t H b ^°' u:drtk Htbtf dif«tio» Ac lire of tkhl 

, ™ l!v r,'* 1 /*'" 1 dthr wilt Up/ic* 

,tl1 * •/* in trtw lo cjrry Mia uvtm tiivtfuri*7' u with a trm.xtrj &au tL* l,j w j. l. 

SESS^s-SP^sSbe ••'■'"« Ew ! Sffr®a 

»X^i W i £*4*4. Atari umoL In pbt< tb* Wd ImJir. t*ttcfe« 

Wy’P* 3 ® TOtlcm, reaitw iH« iW »{uc« hrtunr** ibf h* irwTejyf tj, ihrtcbr raminr tic Jc jdii d the 

iriicrunwnf •bwii ft imh t mi Hawlnj i*c *culi! ; at tie- Min- *,n< >h« c*wain^*|n 

K» r<.*-4 live r'-ui tiwinwM it i* ^Ut to no v*lh Hit fall); *i3*lv+U+- 
jjv M ' Jrtvii !jW Jt.-T**uAf t\*rr ttmttfiz>*m*t§ to MKh *ti otti,; o in * jit tbtni t-ji ]Ji tie falter (bh 
lie <ciicti*r Itnh fecrteily u^j th* msi military it’t^imnk Mute c4 (fa** the ra lure be 

* r* w ^ ■*•«• wn u ^ 

Kftdift* rlMmonra* be ttmlicd io tfa h.*u*f.te!dtck U tbit Irntrurtctt Th* rU^ ^ thte 

Mln™ C :,. ^ «(,« .» )» MUWE -U, „W™*„ Ki' 

• Sc* ncuil on |4|t 





No. 1 cl. 

A* frill# l»J I.. I **f£*T A 


Taehymeter. 

1 * 0 * lilt «d tHii ioi|r^i<^ JUfifi 141-1*5, 

No, I cl, a - In ''ut, graduation of horizontal drvkon*olhl Oliver, opposite ver- 
nlct> raiding; to tfmdnntion of vettlM ni^ un txilid aQvor, vernier** to 

minut#-*; glajM idnuh* over vemlere ; ikUidnthV rwulinir ftw both drclofr, 

11 J Inch t^onoopn showing objocta Inverted, power *17 <Hutn«t*v*: 31 inch striding 
1«v«]; grudlonter iiUiiehiHcmt ; fixed tfadlil wLr#*t; Suuuluni-i dotR ilniwheii 

Prices ii x n1>ove, $3I2.(W, 
Tht« Instrument without m ctctadiuble reading to tiu* vertical are, Ic nts $6*00. 

** with a &-tndi full vertical circle in place of the are, . extra 5.00. 

SV*t*, — r f 4 dncripttai tt il« k\tt* ifa mul wljutmer*. « |*»c*r f* TV Wticla* Urt*i ind 

p&otc, cn be xtuihcri ally la o*jf iMtiui# <4 it* ih.vt dcKrifCu*; 


the ,'tt^nOcV rrfrdinc aU*wr*. 

*t cuM frltfrch I hem ta imnuiwrtu alm£y nu4. 



Tnchyiuvtcr, 

With thrvo l>vollag 8crrvi nnd Shifting LVmler. 

No* 1 i f ft* in i'll?, Omduatlon of horlxoniul droid on Mdid silver, opposite vh 
sii^m Trolling to 'Mv f ; graduation t»f 5 Inch vertical nnr on nolhl ®Uv*.*r, vltiul-iu rending 
to miaituw; gin** ^hwiedov^r v^ntlent; cfotArhatrio mailing gin for borteootil 
circle; lUdni-h lel^’Opo showing otijootit Sgvortod, jioyr^rS? dirmotor* ; 64zM!h spirit 
lerd juvrwlld to teleneopft ; 3| ireti striding level; gradlonior iiUadmieot : flxod «UdJ* 
win*, «to. Sundarda doth firii-iit'd. Price# «ii nbove, |33tt*W 

F« »i[( wd pMrtknliH of lM> Iwtiuovti** H »#0 v t« t mtrp* w ju^ca iu*uy 
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Tuchy meter. 

Ho. 1 fit mi i’ll i, J'Wiuii' ji* In N«-, 1 f, inn having u r»-irn’h full vcrlkil ditW 
with two d^utita opposite i <raiwrw noting u* nikmiU^iiad two rmAlu^glm^ to- 
the verfh'al circle. Frie*-, a* above* 03 S 2 .OO. 


I'« iIh *r>4 tutkilnd 'J» iJ»« lintniMnii. *■> »tll *» lor «ira», *** pp. ki-h). 



N'rrn — Tti* \t hit ■ rerrriiMr tube «1ti:h Kti a* i telWuc, wrii it a cuird to [«^Kt frofe 
W-Uyfr- U*- ft^ned iitb <i the U\+\ s«ii In u-vt 

* The «dh** inert «l tl.ti Uritt ih* l**rinsniji1 re mi6t ifi ibe unif-fter 

the hied level jllk£* 4 to it* f**&xl tekttuQt, m |« and c« . 


Small Engineers’ a ml Surveyors 1 Transit. 

Xo-2, Plain Tr&mit* - The racjitlal features of ihU Lndrumom art* Ilk* 

i\w>m ™nmmttrt«wfrr \n. j , with ilw except Ion of riw ami weight. It NifolgnSl 
Iti bo U»i , <l in ca*ea tnftcf* u light' ? tui nf hr i‘f"Fcfrirldc, Alt tlw jKtrfSi. tHo gntdu- 
atUiuit, tin* Metope. etc#, am tumlc nlili a« grvut c:in* m In the larger ilk«tniiittuts 
rifc-ii Hi- by iir* W ** Can r* r<»uinmm| if a* boln^; a very reliable* j? n 1 1 r 1 siijpcrior liiftra* 
HM*nt fur railroad wurit, fiirti'in*rnl bint] surveying am) for mining pflTpo c c>- 
Thc din tendon* arc ti* 

Jii>H/,tui; ;il I luih Tt Inrln - ; HiiigiH-f k* m ,*4h* '<■* Inchn*; ti'Winipc U imdicis ; clear 
aperture 1 * j ui 1 >4 Inch : power 18 dlitiinner. 

The mahogany «k» hits* a leather strap, hook-, etc. It contain* a sim-fihadf, 1 
wromilt, a *crt!W driver, an adjustable plumb-bob, a magnifying glu**, an jtdlimini; 
piii, and weigh a 7 Ibi* 

Wojght of iuMrutiwtit 10 weight of trlptnl from 0 ^ to T Um. 
fin>sn weight of Itiatnutkem, pocked securely for shipment in si btixMi, nlout# 
ItHL 

Price* ai* above, with *tut»dard* ■■Jmh-lliiWnd . $180,00 

Slumlord* flril«lied like? iii*trtHu?m < no ctofA/mUA) * , t 91011 A.OO 


Extras to Plain Transit# 


Spirit-level liictw*, with eliiuiji ami tangent screw to tcteMN>|k*, * * 

Gmdk'iiter aMaehiiii'tit, MHj 

OrtWltJtig UlTUllgCmCIlt, . , fi.W 

Gradual km of lioilaEonial clivle on ... . 10-00 

8 Inch Vertical arc, oo«6fa vermera reading to minute*, * * , , * 15-00 

" 14 “ graduation on Wi' JsiTr<v, 30,00 

5 *• ** cl 1 «rlc dor hU vend era reading to 1 ui uute a 3CMJ0 

5 ifc * 4 graduation on*olM$&wr 3^-00 

Glax* ahadea over verniers {to IkcKIlatr the reading.) . * . . . if-00 

StucUa Wlrws, fixed. . , 3,00 

HiOft Fwun Leas (at |i^ US, I®}- One fol r f , . • ♦ . UhflP 

VarinUon plate, - 10,00 

UnaMmer watei -proof, to protect tin 1 tustinmivNl in ease of rain or duit. - k^ 
Buttlo of tlno watch oi!, tt> lubricate the coiiUt, etc., ofirandli * * 0,35 


*A Flil« Traniil it fine wllhoat *p*Mn*U <Umt> mr A .1 i-r In teloct^, *« I. pag« Mj . 

Km^if >» "■* * *« l* L"-* odnlfor t l-tt duK K4d J* Thmdl -Vn l, *Uh U* lirjpir 


hiftwr pi«vrwi:t he t**< (tolled inr itul 

^ r fcg— — v 1 — m| m 


i^-A^HTh, I r.in,jc \ii l.wllhiii Ur^ruicn"^ 
Hat wherr tfmirr i=d 


I* 4 l4ftnr Jiid where only pnewl f0<d n* ,ihu in ttulia ine*>mreit»ent*, *» ol^(*rjed mth # 
and let* bltotm, will he denied t^rt. Xf^ f «i-Hild bo ehc«tn We canirW J 

Idetcoorof thf rice 4* ir«fibfd U TraiiMi ,Vn. I ( TrumJs Vn ^ t' elMPuid be hwu* ip rnii^ 

lh«t nlf -sirtt rtf *p init^irni urt Vj d-wety relisted In »di *.Uitr <** pfetwrtO-rjfev ,^f «fr«t 
unuid fcimptv iippiki- cifkieo^y of '<bei p*rtt A t*lc*e«iK uflk **« \gkvt* «h>ve, 
bP 4 C, liifrttd will itfTfgW *iv# ih<r detirtd tmtlu K» »ihj» <hir<t S;e tseb 4 le UjI tl*e 

SZfTiZrCowff 9P*m« *tU be 1 >4 .Mb ^ f«r » dun™. 



CutupluU; Engineers’ and SurveyoN* Transit 
No. L*. 

** m*4t hj € t £*rr«r A 14m, 

I'tilmMlmd to l*>u* in etiU til© Wrtaoiii*! vorol^ *HJ t imed at 30 * 

to In** of (light* foot not* to Mouutam Transit N v . 

All our tmiwll* a tv provide I wltli a flu* pun.* mailt ua top of Mottop* t« *ti« 
tiM,* to center liistr iiman 1 from a (mint altmiv a* wdl am Tram Mou\ 
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C, L, Berger A: Sous’ Solar Attachment. 

Out new solar attachment or meridian fJniktr in in principle Hkc IVwrsmw* 
c* heretofore taH requiring computation* hut Litotewl *d ihq Iro^bar I t ha* * «mtH 
teleecopo* with A Inch ftfiertura oiid € Inch#* foml MlgU* rhU caoitftt* of * etrigt* 
km adjective, u diagonal *w- piece, « colored gla»*. and ri* 1 * customary vve^ v . Jos 

TlrU mklnr attttCbffleOt faefrfi* by mean* of * KW* to 111# end of the ert^HUdft u 
the transit toU^cope on the side of the damp an d tanjmt-screvb a* *hown In the 
oat. This solar attachment h*# na declination are. Tin* deeilftatfon of the su^ 
#mi the latitude of the place of observation are both mst by tlio vertical arc C( f the 
tmnrtL Ail w-tling* for position, viz,, that of the jw>lar ttxi* for cotaridenw with the 
2cn3 marks of tb*> vertical an" and vender*. ami iho siting of the diillmuioo, *** 
*v,m*d bv two spirit tevda, The** level* ere upon the polar axis uni upon 

the *oUr tekeeoi* n* will Us seen In the out. The degree of pewtaou and Am Hioity 
of taaiiipuhiUon attained thereby JaeomriMMieurato with thni of our cuttftnaraV transit. 

To detcmiliio true meridian at any h,«ir of n day. It is only nnwMiy that the 
declination awl roftadlon of the nun of tliat partk olnr day awl hour N* known to thu 
observer, nml that the polar axU bo robed precisely to the w latitude of th*- place 
of 0bservnilo>tu . ; 

Bv tlio u<ai of oufLutltmlr levrf** (n1*> fartdilnRto thovnwa-«tUi .1 Uw«t,i 0 
oi the vertical lire, a**hown iii the second cuts not requiring u reading of the vertical 
are for everv netting of the polar axis for lath into except one# lit a day* wMratkw 
ran lie made repguwUv with speed and accuracy. Indeed, with the dwlinntioti 
and refraction of tin- mn previously worked out for the various hours of a dire. no- 
fan be made nearly os. fut-i an a ncodto eiu bo rend of the surveyor m compan*. 

A eoncl&a di M-riptiou of Ixrtli attachment a will ■*> found In our manual, The 
ftceomptnvhig Illustration* repre^mt thomaa applied to traiudta No* I and No. ,ft 
Of all the differ it kinds in use, wn MUivn oum to i^j the most tfwnmV Uwi*/ 
to their position <m the transit* tliey can nwily manlputat^h n»e adj \z-\ i 1 1 *tj w 
nre few and simple, awl need to ho vcrilled only from lliue 10 time; WaldeUi they 
mn lie readily proven and perfected, hohig stmilar to those hi ihe trnmiL 

The aolrir attachment can 1^ readily mtachwi or dotaehtd from thotraxadt w th- 
ciiit altering Ite adjo^imcnt*. When detaditHt, iho transit la then olinidy nu ordinary 
complete cngluoera* tcanelt, with vtsrticalatv, s|drlt level, dump Ami liuigenUWtfif 
Ui tho trliwMWi!, t 

The weight of the edar attachment Is 1 lk, that of thr latitude iev*d riboutj lb. 
Both are peeked in a sepacmie U\x of mahogany pro dd is l with a shoulder i»tnipi 
and can aleo \m packed In the bo* with tho InvtnuuftlL 

It I a not neccesarv to counierfiolso theaohir atUicbiuoiit in < inter to obtain fcoou 
work, the laliHnio level ailing in part*? eouatetpoiac, t*xA results will Wol-uun^i 
by simply watching the latitude htfel and the pUte levels of the transit. 

Price of Kolnr ittaclimcnt, asaboi# - 

N M latitude ifveli a* above I*T.OO. 

Extras to Solar Attuehment. 

Colored ghuvi to apply i« the telescope of the transit to oiwerve the sun's idtUoofi in 
order to apply ihe eonectlon fop n fraction In solar tranult woils, 

*T>« Ww>fof inn coBcd-rin* the I4ei A & mmH idtteM Ifl j4f<W flf d* 

»Jn f n^irwvlortfar xU wun» rf tW ««* 111 ” r -£, ^JfeT^uT 

tK.% tf«u Jti* «iitk os r*Z<* <i««r £■1*4*^ p H^H t hcj h w **;i. ISc of 

Ikwtl f> irrfwi* of i he Tcrtkj. mtt A lh^ *r A «lt. n«ifMl tl ff.fn a ws, hi* bten 

by tic r^.JU Ufpkfti 1M jvrir^c fif «*>r ™^ ic ** » h *t Ui-f- 

“Thh hifmf- ' 1 1 1 - n-d r.iTRMd** ji*5 iIiuokc hdu i mu nn ,<tc* U yiU 

m itfv I *M «P the cufiBcer** (fiiuii, **tn er*/4«ir Sk* nfur dffWl Jn tia tewyegw ^ 
*Mk 6J> M.Y lSm *n cU!m jvfWfwcyin jKithir^ inn*** fuf t^c 

tui r»tfy in the fcnt *4 iTmli-*i?*J iO Uh nttwicpue AilnlWw i4 ihi« clot 
Ctu>r;, t* Siypiro AgtkallUNl ( vlkfi#, 1 ntm, japi®, xs, tk )t-r *»( 9 |fWf * 

will, *c hive fi^rtfibcd ihw* in ih* ™mtt U ai <iil < C AndWuriiainl jiui rt 

Sorr. — The kid *lu*chci 10 th# Mihr (rfwifa, fte lh< WlWUrt fltf IN? do hiiitiifl » 

fncikaof lt>« ««, omM l-c t>llh.- Amuwji ih«iU m«*I i*«u«* rf tie pl«*nj 32! 

lT3k.j| hi* i«a by U* tfrvcci ibfa bfXtm nxn tck*cce^ w .^CKIS/ hS ' 

iKhi» the Inter to the wnMOl ft 'kckw** in-d t*fr*ettBO, t* enpliitei m ihe mjmwl t 4nur« 1 * ^ 

le'ev Wfihl O' *ii« Im- *c< t die *an* drv'l, U* H«of o^ht b st iifi krule *114 t»« F5*» T *‘' t V f, i E 7iL fc 4 Jf 
muTA of detlii.itk-1 m4 r^fraci**. Uwi* ■ » ttc -♦ ifl ih« fo-Umuic ef Ihcflftpt of 

»iw ^ itm r>l it rr*iy fp-t %Y*k* ■: 1r .< r*ill y nf< fcccwjify thlt dke ot^Kt ** J™*™ piiue. **f .7*^ 

CMHnihWd, » Inilut Liur* fjw divuMramjA ®f th# Vwlial anr, »w w . » 

cir-r. c rv-tlt t % c «vi>> rttiii of in \eimicr. betc*oct the wlw - » »et off Ac*; I tw « m, ett ■} . . j 

wt, the erwicr dti>*c*l h"** i*c of thH k^l, tenant *>* *V*rn\ uMto MgrttW****^ 

Hrriirfifrm#, a« ■! nwaku# iftith t\M i>f > >» (ne to fed d.vjar* dc>, »k*i y 1 to *1 dthtna .' ^p, 

to (he wtrtbi jp>J rtp#n« of the InHwida — i* • 4<c the t>;br It^l » -**> -1 

#cU-t uk c*n l*e k^k4 spy to normil ult iHt initM Mf 1h* .Oar tcJc*3J|i* k>rv #lcor- 
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Cf L, Jlergfer iX SOOI 1 Tntu*U Sular AttiU'linictit* 



<\ L. lici-jcer & Siiiih* Latitude Level Attachment, 
stum ft M 1 * a f rtfc*|( m lib s^-Ur Alt nrkw*nU 

^ 7°* r r hr . f? 1 ,™ r Itvd Cut t* rtacciJ Ofilv c ™ Tnnuu N* 1 V* tf 

*. «J l>*r- toJv -><r* onfcftrf *frh Ikf iMlTUGKDt ' 




Davis* Patent Solar Attachment, 

Ttiia invention is destined to supersede all other M>1*r jittnchaienia, being w ( 

(Ae sw)*f aeg w k the. unwif af'apfc, mdl it*' eKitiptM in u*c. The Win Oli^niiin^g 
made with the iiuHriitoeutfs t4ibsmi(^4iMd, whm^iv greater nogp rand jrtvier 
curl'd, mid Umltlng the adjustments to Unwe wmniMii to the in*trtt(ii*«i prot*^ 
Itaetf, ft can i*e Attached tot any eng losers' sort *iir*wyor» transit which lm* H g,^ 
vertical are or full vertical circle, A great many have been placed no our u»q»^ 
&]£*'> SV l p l£, 3 and occasionally “U No. *1- f # >r the u&** of t'. S. llepuiy 8fln»-r. 
cm*. and others having iw^a»k>n U> do solar work, 

ffawever, as its mu nipt) hi lion luvolvrw a few mnthcuifit n-ral .‘ubu differing 

*omi* list from ordinary Milrar attachment*, no advise our patrons to carefully remj 
pAge* T3 it it* ] 7fi. etc.. of manual, where if full descflpthKi wsll bo found. 

The «fwn ( diiiwii in Fit:, !i, can bo applied with erecting and inverting teUv- 
§OOp€Ou In making an obwttloa with raw erecltfig Idmwpc Hie full aperture of 
the object gtra** i* utilized, but with an inverting telescope It must he limit*] 
to about u or H diameter to get the wliw idmrply 'Mined on ihi * r*;rem To 
thin end the tahr»oope cap la provided with a central opening, permitting of sue h *n 
adjustment, which wray l>o clow] entirely whin tad in u»e. 

Attachment* shown in Flgo, ;i and 4 o re for dire**! ot^cwllDu when the Run*$ 
altitude dues nut require the ucreetb Tlieue latter uitachineui* rare now tnnde bj in 
In « manner superior to iho*c shown in these cut* on opposite iuigc. They in* 
maun tod ra* in Fig* upOfi n fronts, readily attachablft to tb* cvo-fHoce by menu* of 
a damp, which cun ho dumped in any position moat con veil teat for tbs observer. 
To bring the colored glasst* or the prism lK?foro the puepdicilw of the it Is 

only iie^uary to revolve them, hears they can ho u.**i«d in rapid siiccessJotiu It will 
be nf«n that these solar attachmcnta are ea*y to manijmlats, and therefore ijhjm 
injure belter nmiltn than heretofore oliulimbk? with uueehrauicul devious of any 
other kind. 

Price of S*»lur Screen as In Up*. I and S, HQ0 

» Fri*m and Colored Cllote*'*, nw* Figs, :i rand 4, but of Improved 

(Donating, .1- In Mg. tit 

i< Solar Screen with prism and ordomf glow* cotnUrned. * * PmO 

If wo attach Uissotwai to instrument* which are *ent to u- for that purpose, we 
must make ran cairn charge of ti.00. In such era if** the tcli^eopo should be m nt to 



l', I.. Berger *V S«n»* Patent Inrlhird Square. 

Ii,r Kh» O^rratlooa ulll Dnk Piltiil ^i*r UUrfc»eal. 

TWs dttkf U bru 4 it£iVs*d *lr** furm™ in inefetd <4 <*jial *W^t plw^i i* an WS 1 * ^ 

aC’ r milk (hr will jnd aubUilil Sm lb UW* <P> inttmcctj«o m lb 

Vrl Tkc > T u^e twat*lt«i mu ^ npn , i . -.SI U w va C- td F*pi™ a JVj 

thafilfy t thp*! ttfi vjn’i<ii*C . iVc ttm nbrrvjiitn dl tkc Wn fw* ptfljllon Cli> b «*>k tfy minph 
thi Lckaccoe by fiw>m <>1 1!« txiQttiX iocu yintU 1h* ftwr etpuenta, f«iwi by iht UkA 3h»* JiiAcul t*- 
a*c n( iht tun, j« e< 4^iil *!« , lm Up* muiiHr the **Ji r » Jbc oni b bitet m —b* « nsi 

&j4Ht-rt,l Urf Iht ffOM *Impc “ bi«, M ikf f^-th m*d«£* «a be atipUi ** * tkeck ut*m cwrli «M*- 

T^c itrHcenttT n| lb mirt* is the iidJmd viuaie U in *n any »tnfu*i««p i* it I utc* thr ftern* *t«J* 
■rVM lilitinctly «« lb* fCfUn w<iTk tfai (rtnirt, ih r*jkl wart. W * hm 1* .iiflLnpnab tra» 

bsTjiif.!*! fl»d lb I» yum-* iltwt. -V canao* k ftudof tb< e*«S It — J**t- ;-*lf r»t«J, 

iknwn rti the 5 »ajfe illt^lrat th, raeiouj -ier SU^ormfW**- P*rt I. 

|‘rif# ,>r rwirat H»dlll «4 »Nioiir*. lid mh. ^tkrtd mtf* lb ImUvi»««, #xtn , 

.* i^> pfQvkttd wait Sudii Wsrea, fcft la cut, * , 

i* « •* ** nith Bit fivira «m> b laounnti d atlur tub U* ^ 


Dtivi.n* intent Solar AUiti-luncut. 



5 . 


f. L. Iti-nrt-r At Son** I hi proved Prism aii<l Colored (iln>< Atlaeli- 
mrtit fnr Solar Ulwnutioia, 



Mountain Transit. 


No. 3. .Mountain Transit.— S ikc a* In X«>. 2. Provided with ar. 
trip!* J* fhU iiigimwetit 1* well adapted i*>r u^*j in uuuiutaiHou# region** etiixrftyt>a 
moonlit of )t4 UOAller aUa, LlgHtue** aud great jKtrinbHUy, i!& wort; Ilia aetrurajt* 
it* that of larger hifctruitiujit* «>f its claa* It* weight 1* M llii., wllIi an online » 
Lnjin-i complete ItSji 11>*„ tiut when provide! w khan ext elision tripod three j^ul-n 
are added to tUU weight* The graduation* arena soiirf $iterr ttruiers r* tJ d( nft ^ 
mintdf*; p/wunvf phi** *hudr * ; wrtinit rirrtr im 7A <ifu«*Niwm *pirti* 

fc-r *t Wirm/i nnrl yratlitnUr to fefoar* *j # ; pfOMUm to o&jlCf aftdf ; rji*n*iou tripoii pro* 
t<i4erl rilA tAum&-iNf^ ( Iff, 

The mahogany en* lot a leather itra|i hooks, etc II contain* : Mtudki4 a 
wrench, a sorts W driver, an adjustable plumb boh, a n tigiifiylhg BBailJ noting 


pin, and weigh* 7 Up*. km 

Grois weight of imUutneiiL packed **■«.* and) 1 lor shipment In 2 Ij^xes. about 


lbs. 


Price, complete u?t nlrove, with i-huh lihtdn'l *MiidiinU # 2 riT.OV 


Tliih hint rumen l with n 5* inch vertical are in place of the fait circle and 

without alum hi lun scnanl ^ 

Standards rtnteiiml like iinurumeht w cWA^titi} > exit™ 

A reduction of $15.00 frem llu* aWc price i* nnidu if the gntduathnm arc not *m 
Milhl diver. 


Extras to Mountain Transit. 


Offpctling amtiwitwilt. »•*•*»•••«* 
Stadia win*, fixed. . . , 

VariaihU) Plate, - 

Quick Leveling attachment manual h 

Extra regular trljKid, tor iikc with instrument in ordinary practice, 

Duvis* Solar Attachment*, all complete, * * , . 

C. L. Berger & Sow* Stilar Attachment i,pp. 151 and 155 , 

** <A Latitude Level H " *«*••* 

•PiUm. with ciilrtrrd for nWniiii: die wii*s -tltiuuli'. , * 

Short Kocun la»u® Attachment (ace 1 IS, IP . Uft« pair, 

leather cover over ca-ov to he strapped l *' l he saddle of a hor~ . 

CiOBSOmcr water-piTMif bug. to protect the in-frumeut in ease of rain ordMtft, 
Bottle of line watch oil, for the centers of I fund l. * * 


:IOO 
10 *10 
J*tKI 
JfiXO 
IS^ 1 

iiit.00 

i5.oa 

12. 0U 

ui.dO 

iij» 

i.o> 

€. 2 * 


Ni>ra — Ahb^tjA Ukcm**** -f tiipnl ■* *«y 4tmk-i *-*! ab«ji f!ht ilu* oar rc(\ihr ttiffl&l* 

Mj(vn;^ilv I nr m;ur^Jin ™>r* b veif ijiuri.r,! *n iccu^l til i'» vhatllM In *td&r* is jerwh*. tiUJ, 

i*w crKfAt « t* dfpirabk to luv< lh* ffeibf Wipot. irwuRnc, j« it jinMicr >u*iin# w jrid 

M^^urnily fftlof [rwrfti«4 gurney. TV *r£i ikertfoir arxt u le hi* uniUft W tmk f Vflh 

— n »*n b# obwrml lUt m lh« C«l ihe rtn«n th* hwiMiiiil die^ in pfcc«9 at an and* oi to th* 

id »«lit m\ »* otr Mhni* Tmiiiit Ori* iihptMrs lie mfrweol ir> IV »0fX In a mo*niiJn«if ^ 

the ■ thef toni ihl* it. thf |V4ttkfl nl she tetnUfc rcqjjrti tie k^tl it Iftnlvllhr LeW*tv{i#io^ 

CJjrtfrt Uymd tJit Ink U ilrt pill* irt outer to |rt f 4 iiudmi Unitk inii chjntK-r, and ahhoifih i*8»f 

In !.-.i lurtulLy n;wd |>aak»« trof* nr/jrj, b* as tnpton^ n, hit, n*r»tthfW*^ 

i U v^i iliilu cX&tiE** hi iiifiamtnh xn wki. c«fTc*m6 shh oci nuioitd n *1 h**h In Traftih So. !!, tk™ 
V4n-M^ irt pi Kfl *\ W? lo Ult Im all +t»m tkUcik«|y n tbr po*iht<a ol th* v.rxurrt hub 

tVin^ . < Klh. ci.t iBperlincr. rtltkc to o*tkf <01 Tffirtli So t A tnaTl ar.lir* Wi«l. 1ll<i«rii*'l f* 
S'n til, tin /mi V upon ih« [eUtcofiHf aih at in eilri (i>«4 ot ll&m. No etlfa ihvp *♦ 

ulncvf* ii imkrpJ le V of itn krtd wb« tic shwl« itoiniauit milthtoc to U ttwaic t?«iin* 

The iptrlufv Viii then be i|£ inch, (lie \i*.**tr +£ dlfimltf 

* In a i iy t m Irr^ncuty h ipjer.i ihj* a ImftmL fWil V tet tp «* ii’iuci wLcic h k t* 1 

tnmKty difiduk to f.ct Mnii U to uL* bgui ti*.k *ni tire -o*, %i With the iiJ <4» piun, i-.iicinbU *ff 
tto eyw.jMc#, ill lSii cm be tin* ft mm Lht Mi4 of ih< *i«riiitEK 







J». Mountain Transit. 

>lKtwn *Wh Pnirni M*r $c r«n Attachment.* 

An nud> h) C- L, Rcr^r A Shim, 

"ft* Uiuftnrtian* ft mf full df*tTij4ion of Mi* .vdirr Atta^hmeHt. Mt jwitir* r*T umf 7^ 
<1/ fAr J/tnouiJ. for PWrf, cf-r., aw j**jrc J 16V 

All *1111 truuslailf jwrovWtd with a t’me juiurli tunrk * -n top of the uicita- 

liU to etmri»r fjtetrnaieat fmm it jnA'H *bov<‘ a*, ndl ,l* fmm IkiJow. 


UW 


Mountain, Mining and Koconnolssance Tr;m*it, 


On opposite uxtfr cut Nik 4 represent* u complete transit o! lb i* cUm It i $ 
in every re*jH\*t aimitar to our KnginoenT ami Surveyors” Urge transit* except in n\x* 
nad weight. The vernier* of tin* horizontal circle will be placed at right angle* to \\ m 
of titiclir. >*n1y ; *0 that both can t v:«| without stepping aside, an could nut W it* 
ea»f iHa vemkre p&iicod at 3QP to line of sight, TTiL* a I no permit* the use of a kujp^ 
plate spirit level in front, an important feature In so small nu Instrument. The inuro* 
tnenl S* ae carefully made a* tbc farcer one*, and, we bctlcre, with careful uae njabi* 
of very accurate result*. For preliminary work of ail kind*, iw well a* to till In dentil#, 
it U especially adapted. Owing u> the smaller da* of the telescope and its high power,* 
jtc supply the j inerting kind. 

Wc art abo prepared to make thU &i& of litetruineiu for mvatm, explorers, etc 
of style shown in No 46 when it Ua Iran sib theodolite of the class rtioWtt on tage lSi„ 
but of style shown in No. f lf>* page 1 nz. The sumlinl frame is coat in a ^.nglt 
t r shaped piece to gain ju much lateral stillness tui possible, The telescope can U re* 
versed over the hearings by turning tins upper covers aside, ami also in the usual nay 
through tlie standards, In lid* instrument the grad nation of tiir horizontal circle hi 
covered too. and the verniers are protected by gloss, ns in No. 4* There is no comp&ui 
necdlo, InsiTumcriit has a 4 V full vertical circle with double opposite molm - 4 % 
shown on rage 147. K level [,* attached to the vernier arm instead of to the tekfkxjpc 
a* in No 4* Striding leiel rest# at point* of contact, etc*, as shown in the cut. This 
Instrument will only he made with three leveling screw*. 

A more tnhtgel cut of this sty In of Instrument can be s^cn by referring to style 
1 16* lie e*jat of manufacture, however* U ao high, a* compared with No. 4, that »u 
are compel Ird to fauna the prkv eouMderwblv when ordered In this style. — llowawf. 
we believe that No. 4, having the ad vantage of a magnetic needle and containing all 
th* latent improvements possessed by the Engineer*' and Sumfcn 1 Tnn*ita, will jn 
moat case"* giTe Bqiul satisfaction in every respect. We therefore advice our friends 
to cider No. 4, 

Hath these Lrwtrumanw can !>• supplied with leather covers over the case, bo be 
strapped to the saddle of a borse. 

A <dkUt i»|»r m*r iriw P«ti bm hiHhir% 4 * If txir>i tu bt oTtrluiutd. Gi«nt«|h tifcfil 

use ia roapfttd, — Tbt r<g?ilir Dripol vjiubcii *aii1i il I* nilf IM **c*re* ntuiorv ritriiiy, hn tf<* *rup- 
tJiaci tripod deat^ned for thU iraftnim#rrt p hf rnarrr, iwtdcr* il nwie trad anil uinicidj. In *1] U»* 

»btfc »* eiltflSnn toped it •wOttcd »*e ftSMMMod ihe f,inrbj** ol a rrfnlmr ht iJilillnt A Larue list 
tripolt 4 IV , u ajjfiHei tu uit No t Trinaif, tan bt ntftl ,1 Vf- 4, by tfi# i»« ni *n »dap«|r 

ikaidit iDcuinfd ;% mttf tluc- b A-in oi by adied iLfbcti. No ciln tWrct il muifhHl is yla* - # <A 
tt« fen^ilsf | tb- rxlffiMte (Hj>*d. 


No* 4 Mountitlii, >1 in in n anal Itiviniiun^uu'c Traioil. — Thndhnca- 

*k>ns, etc,, are as follows: 

Horizontal Utnb 4 Inches; j^atiuaiisoui on solid silver, double opposite venikrs 
reeling to minutna; two row* of figure* fo>ni 0 T to3AT ; glana^almdea over verniers; 
noodle Inches; vertical arc 4 Inches; tolwiu?opc 7§ inches; aperture If inch: p^>wcr 
from loto dlametafi: 4 inch apfrfldevei. with clamp and tangent screw to tde^copa; 
vertical adjUBtlMIt for the Idc scope ax U ; ahlftlng trip*rtj ; double center; splibtcg 
tripoil* etc. 

The mubugany case has a leather *tmp. h-^ihs, etc. It contains a sunshade, a 
wrench* a screw driver, an adjustable plumb bob, 1 magnifying gt aft*, au adjusting 
pio, aivl weigh* 4 Ik 

Weight of instrument 4 lb*, wdght of tripod b lbs, 

tiros* weight of com pi et© in str a meet, packed securely tof ahlptaaut Ib^In>xc*,i 2911 1 ^ 
Price of Mounlaftn^ Mining, etc, Tntndt No. 4, hh iilime, <1228-00 
Price of Translt-Tlieodolite No* 4li as In cut* dze In No, 4. Including 
additioual vertical wires if (Wired iot solar observations, . , . 9t;il1t*O0 

Ni»* 4 b provided ^vt\ a ♦t+lksilftnf lull dir;!# No, 4.ie»d MUdud 1o ^IrKc^w, . Ill* hi 0 '’ 

Nni* 4 b dft»vhjiKt rt+Iitit c!im'» r u In Nu 4, * * * « - * , 

?fo. 4b *riifu*it ilv^hng l#vd, »• k Np 4. - i 1 *** 


PxtmM ti» TritnwU* No, 4 nnri No* 4h. 

1 Inch full vertical circle [in place of arc) with aluminum guard a» in Moun- 
tain Transit Ha & 

fixed stadia wires. * 

Prism and coh ered f<»r m\h%r idswrVaUortK huprvtvisl lUMunting). * 

Short Focus I-eni -Vttachmrm sm* 118* 1#). One pair. 

Kxtra extension tripod, (weight li lb*. ; sec note to No. H Mountain Transit , • 
leather cover over ca**, . 

Patent detachable aide telp*4*ipo with cviuuben 1 ^!^* 1° transit No. 4 f only, 

page 164, * • • 

Flit^nt Jnrerchaiigenhie auxiliary tob^-ope. To trnimit No. -I* only. Style I. 

p* HIT ami IfSS* , * * * * 

Silk iuig to cover t rimidt in of min or dust, . 


frpOO 

12,00 

10.00 


63 T ?,00 

is.tio 

0.80 

n 



Xo. 4 b. 


Mmmtaiu, Miniiieiuid Recoanolniuiii- TfaiuilL 

mill by 1 I., tkri'tf A >#n. 


’ jntcmi _ _ 

*^e dcitrtd f M, 


lU^oj ilm i 


Infant}, »f tto **i cd to mikf th* lck»ct?c of ih* inttniftw^ to ihtw cWt* tnct 
1* to MttihAixi. ««* W H fc»po*«Mr to mik?** «**N Jin crwlin* telrapt hl^ 

1 * F>«1 wttffc and fc* *< t t Mnc tin** 1= wm thu L* #U loth ««. 

1 «. " >M3i * J hi tfmrdcd it itoy * .il order T tm>* -i N % 2 « 6 w amine wta to 
i ■ m r 4 i if<« j r t n r« il * will, tKU bet, w* ihit «« wpn p«n 4 to 

thMMtW At *ill 
*U«lt cue hwnhinw, 
I full «i«tk*| rirtii Thi* 

tin *Ise*u«cfetoih« itim >in iMtTttrKif «ur mm .U^zt mUt ' MdNktiburiaa 

£*** to Jv« td tiu tT u» uii ta ihiirt, I* Silk K b* ilc lid el wh xh thm 

******* ■* *»d* 10 \ht pofpcM# itf 4 frrilf kEcKtof* iod indw i jarjlvl to 

I SKr VS i ^1“ mUT ** ** cbaBgt rt * *“ C !<■ dtirmin. iwrUitn 1 m *; im N-.f vf 

ul iwISiSu 1 fapww wwkt umc » iMtiaml i *»Lir *ir*hf<«nt «IIE be t>ite> 

M f y* ThU luidury t« Lmopc &** * hfehtt pc/ior i#d *£f» bts ™ poured *,to.u***l to vti*hr 
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Mining Transits. 


Alt of the foregoing lusirumtau*, jwtrt kwkirtg AV, 2 uW \W 4 wo rwiranw ruf for 
general i) r>d«r rkf MtiLis.l work* (Tlii' Imiw iij*i¥um*iiig chiefly on account at their greater 
portal 4 lily and light &****) Tin? x* Ivacof* m.iy lie cither uiveitmg or erect. aim tuny 
have ei prKm :Ul*elmt4»' ui *he ordinary erecting or inverting eye-plcco to me lit* 
Sighting in indltj^l Abaft# We frequently attach to the vomia-axW x telr*cu| 
swinging Ir eo at the plate** or nearly the same length a f >d i»wt r ( which pentiiu q| 
vertical sighting up or flown a shaft (sec cut p>* IW b »1ao pp liM to 100) We *W> furufMi 
attached above and parallel with the line of -■ cl*t of the main tatacojM* of Nw. 4* .“i *M 
0, another one of shorter length and terser power moan ted on a centra) pi IJ&r firmly 
secured by n«ttu of a tbrentM stud to tire cfi^-axi* of lire main Idcwope, a# iit Sty* 
II; or cost on. a* in Style I. li'H' niuilitry tele* cope, pp. Ik'v 1 

alaonfK M, Ifft) 

Thla latter udevcope, which of nvetwdty l* of ! mtsor power a* compared with our 
tegukr «Idn telcacope, will in nioet t-aftea b? deemed Biittk-k'iU, as sight* in mines a 
abort- Its power viiries from £ to 16 diatu«f«t». according aa the tolBKwpr U treciltig 
Inserting. Wo arc, however, prepared to iuou.nl one of same length as our tegular &j 
telescope In raaea where n complete revolution of cross as U is not ^{iiM la our 
Improved style No. 1 1. the uip telescope can In? truly set parallel with thu liar of sight of 
the rim (n iclesrope by means of adjusting screws It will la? seen that vertical sighiiiig 
up or down a r.hafl can Iks done with rase and accuracy, and thU latest device ho* nearly 
all the advantage* of a telescope m^unud no inclined *uindnrrift with none of Jis fault * 
and i* second on 1v to our l-nl vi-rsal Implex Mining Transit,, in far as it entails the u*< 
of xn auxiliary iCBMCOgW of h’±xrr power* When not ill use the auxiliary telescope may 
be removed at will and stored in the br. In style II. tto cubical pllUr may be left on 
the Instrument or taken off at pleasure. In the latter case only lire sum lor tl* «-oai< 
tetiadie on the under sale of the tetocop* remain* attached. Hut in style b which w»- 
now m round y recommend, the central atom \n p^naimiit* a* oxplaliittl above. A* will W 
teen by reference to the description and cuts of thl* device, W> ltMV. H>7 and HIA, fjhe 
aniiHary (elfacope can also be readily attached to lire cud at tire CfCMoxh of our 
Mmltig Trun*h* Ko* 4 nod N*v ll when it become* a side telescope. Tire vw-tdy inter- 
changeability from top to side makes the auxiliary telescope one of the mo^t d**lr*i-k 
additions to a Minim: Transit. 

To avoid error* In reeling cardinal pot hi*, the compos ring l* 'figured from 0* to 
JU^ ( the same as the boriaemud circle* Mining i inurnment* should hxye large vernier 
opening* to admit «f us much llghl as possible, and *H graduations should be m solid 
silver* For the dlumtnaUojk of the co.m wires w small reflector is *nmclimc* ptflgcd in 
the centre of the *>f the Utcacof* of inir larger ItsftinnikUfa, botoa in the 

si n;i Her lelrscopev much light Is being cut out by iu u*c wc prater UPatitch ^ retVctor 
shade In front of tlue object gla**, Tho ttipou u iirovidcd with three adjustable legs 
to permit of raising or hiwering the imdrumcni in crmmpcil pUoca. 

Sa. 5, Mining Trunalt# — * DimcnsSou* on in No. 1; craduatfons oo ndkj 
Offalfv* midist? fo mfawfe* *trtn protbltd prifA QTrmnd y{nAt aAiidcs; -^facA: /tm 
t^Wiro; . ovk ; .vpirjf*fc*vf, tfamp t*H*t tnapmt sefelCI to ttf&'vp* ; &ip&L tte* 

PHc« $l£5U<00. 

\| 1 4 <1* Milling Transit. — nitneo-mr ^ in No, f ; gniduatioim on *J*d 
rervkr* I'cuiiinii fe m Cuttfe* <mprorf4*4 with $ witwi pfitxs aAadcs; n inth ynjg 
rivlnwf cirefe ; spirit JcW, ii^d liufUf to Mfscopc : rrfciwtoft fripr^f. He* 

Price, 8*53,0O« 

m A rrJmttim ^ftpIO WuV ^ if At £e+fa#?i*m ■*« d*ff. 


Kxtr:iM fa Mining Transit* Nos. 5, O anti 7. 

radios tred itw*» nMltrt»a samisiwthw , HN wi I TS) . ^ 

n « ITC» wrt kJ t clc W f mmttei «itk WV-wfc* refri »rm* .« Hi • . ■ * 

IlfuitfOUl wwvkdfef Nu.^ ch^'l *i air t*Uo* of S* ^ir^T on pair 1M sol ippirfaWt » 

p f;“ “ - ,hc r fc ** ^TtlBfMSS*. »». . »d i. » - 

f^piUnmnjrtiWtW ci«»**. win ■ * 

Xliintenr* l<* imlirsi <wcl( * * * aft 

aiTKkiOlfiWcfcvtw. •_ - 

TVti gk tN^ *«*• tikrtxpg^ nfcglhcnurifttrsinie, >Ni»e ,lft ... ■ * M 

psmn tnwvlmvriaWc waiter Ubmste*' KevU l.dfwo^ti 10- W l«. k 

WtetlkAft&bli anil is*cti.*afl«v4hle sm vJiiirr 


J ilit di (ajr IOi* 

. *1 Ojfhl ViagkJ 


Kwm wiIkS SdJi»t*f 'lot »uUf (*Kfninnt, »u3ififf kWi, f*fiun villi 

_ ft I .. i .. ji - ttvarsn, I uJk T ** 1 fA . . 


ffjyb ILp, t*S 


Til f W 


[■Mljjin Iftilh Wi 
_ rMjperr**; lw wn 
UuUk iertlilii WUfliMBl 
Ilfth'hciKjh frivol 
run i i.itTi«juo 


* tcikfCCifv 


trip'll i*<v 

PlumtKt UfH> LuTT * 

“ tinfaH i 


i S.*J 


Hmalt nil) , • * * 

lv»kui& b<«. ^bh tnsfiv s a&t. *™1 k«e* i • * fC |u ‘" 

Triret Kirtni Uw* ^ . t. Wet tFSg. HI* iw 1 
Sl»ilU«1fix,iHd * - * „ .. 

SbfrUwtft w rioibiKtit IjKI** lW, l*S.ri|s. II K **** ion 
GfSdhn'kVS'^ * N * ar»i O ■ 

Ij«e plmoV boK «^tn « 5 W.. (ur U *hu w * , 

iLifltn 111 lij.F ta il(h nt ■ ■ . • 


re.#* 



ll.l 


Coin]>l«'(o Mini riff Transit, 

With KtlrttlaftTiliiHj, ' fMarhfctil* ritfiropf, rriM.VtC,, 

Ak m*tU bj | t A !Njnk 

■ w* in Nos, JV f I* and 7 . Poe prtei of JmtrtuiJtnit and attachments, preceding p**;*?, 
• !we s«ti in frfltunuln Tnatl, i>ijj« i$t. 

All uiir imrihlm nn* ;«r<nithn| with a OtKi jiunrh mark «»ti top of tiih^pt l<t ha* 




Complete Mining Transit, 

WttX dtUffciklr Side T*W*f* urf UfllHlor tot llUmlul ja( rm> »lr««. 

I* Milt If C. L A 

fitefl itft in Nos, 5 , 41 ami 7 * For jwic* and attachments juiift* |tf 2 - 

Niijff — tV ^le fflmtpr j*. tlx iwrp c'liinajvy mir hrr«A to te-Lsiln£ tr^h^tv li c*n 1 * up * HSf 
lOMbd Jf toM fftflt Ok atltnntfil |i Lin be U the ■aoic kn*i*-- *» tffce nuii irioccpc- *b* [ » ■* 

enitxd. bit it i* nwj.it with it* to m«W H j*m Ir*di or hi sHmer, to keep it 11 fl^t j« and to wfV li W 

tK-’ -7C4jnl#»po*M When the tide LeVa*.'^ mil it* c aiut:>-*i to tb* inim. pit, 1 hty 


■irr. &id itlmfufc lilt *i|n»!»nl al T>. . t in &* 

A “* “* ^4* ttkie I 


verticil pi* t>*. The ul to# (tleffiTM jnd it* ttutiterwie it ibcul i Ri loruti. _ 

It will h* mm IV* in th* ntihittf TrOttil itww IN heriwiiiJ wnk"*™ finwil art »r aook if* 

to lite o* *i|;M *4 tekvoapt, t‘> MiVe Id ft*1 t!w ternkf* l*v crJOi^d |^OC« wWuM i»ilf Iht (t*X* 

plil* Ut*% in thit 'Uifwitni 1* Ihettfote -f tUiJiH length tid ditnrter, nr*! m lorrs u ttucK mmr>vv<4 «* foernef 
ntyte*. Tbb *v. bf ‘whiii il 1* rrcitnibcrod tkos tin* «* tit* nim Uvel on tk* trantli feftitii gfotrvnif "t* 

n*>itmeiii ul tOokiie oi oiLinm^m n* i wnnl fins*. T* plv» tta* k»tl uoiiWe of tfc-? jsaU* iml In 
Iht M O fi^pt . i» tb**n on p*** I4l p 1* *** pffoMMt In nlnlM ty***iu, i* it rib utter. ihr ranfcol tV 

“*■1 lac tf##?* 


An IrMtiiiiTHtii Ins r ; tK Jr rrft lertl pitted utHowi abort mglil be mompanitEl bir * * r T* ** 

~~ ijUiig If ttsie nf inutruiutni itcrnif', If not (Krmnviik »t c-in riUc* » viix'lity level*! vcirrJjtf 1 ® 


milu jit «ec|i i^Utte I 


f*V* 


1 



Patented, 


Stfle it. 

with Trivet 


, . Cojnph'te Mining Transit, 

,UC ' 11 ■«*”**«»’ fjIMi iJJ 0 ...Mr»W laUrrlunccht. jtmtaar; Mm**** Mtjl* tl>. 


Size ju to Xq%. ^ A *^ 7. F orjgPfliimJ d#Mripuoii,prtoo im\l atLiohmrmU w 162. 


V d**c*h*U<m Wid adJttBUDfintA *«« pa**s 106 Ami 30 " 

*_.w *“* m y ^ %UH*h ti»ih^4 (hi^y («r tfec tMutirwi ,X Vrtiocdil 

lIEIurJftSLSi&ff? ^ 4 *”* ttlracm# r,)f .IWUW3IE wtK >1 jmt>v ,4.*ijimr ihi 


?2Ti «**. * l tftU *9» butrujien * Ww! cimt* te iptfe*!' *< <4n pin* Ctfteftl 

>M Sjj jk n r** ( '** *y* ™ d - «iu tin iuty U a «trt4*e Icrflj, 

^ Jill .*** * *! * ww * 4 * l 1 **^ w * wn **** *r**U* in "CTT »Mp 4 ebc?*c jr« 4*^4 

lU tawcm. ti dtprnrUM <»j thf t#^***' lh* icrtinf pUi^ ThUlitfer am £ 



it»; 


Complete Mining Transit No. OD, without Compaq. 


*Uh our r*|«nt (nlnrliinciihk AbkINicj liijk I 

•Sc* IP/.) 

K^pondittg to many *oh,ltAUon& to unite for minm eras min tog magnetic or** 
or it u dortrh- plant,* truudl *imiltir hi stylo mui n^ wrucy to our No. 11 j l|t * 
iwi), w*- Imv# - the iiiAiru incut Hliiedrzticd oui oppidtc page. Jj 1* 
po/WiM*. and ofitajoimc Jtiti <r o*r No», 4, 2 and H f/ttnxifc ; hid , owing u> tho 
omission of ilia tipi* rtandiml* me cast In it single piece, affotdtag Krcjiter 

lateral "UlTru^H, with liir-mtMid onj^bUliy to withstand rough treatment. H j n 
adapted it* all t he rof(ipl*\ emidiliun* prev ailing In umtatfEtotiEji! work, and \ m Vfry 
In style mid iiuniputatifim h postictt»«* all tli«> nrivnntjigc*, as regard* 
seen nicy f»f di vision, highest permissible telescopic power* ami ttcmdtiva hi nit- 
It'v.d- i»f larger lustrum nut*. With the Interch* liveable auxiliary telescope add*d 
for u-c in steep dghting, either on toper on the side of the a nail) leleaeope, flh 
required* It become* n imi-t eupohlo instrument fur correctly solving what Wtiiij 
otherwise rooulr* special mstrumraii* and imttlioik When the auxiliary teller mo 
la detached, It la Jutit *5 applicable to UiO common wort in the mine or os the 
surface a* our regular engineer* 1 and mining t moult* K on, 4, ^ and <L 

TJb* 1 *«h»j,pril i I i»4ifd trial* of ihf kIikcic ii mid* fd jluainuti, comtd h fn;« d*,- i*. j_ 
mt Jitictfd h, iiiioidfi all ether iwm arc findWtn ilir mim«f M r> mu other iw*ru*C 4 *k ill 
e*tl» Ilf tf «lf »Vftl*lird dtirultr sd trfflh. tv. n >1 c-j difcclly ypoi th* fidlc.iilitn |)1 

*t**m\fm£***M* for tbo ind tt*dy cJimitK-n, yut 4 r* Tally prrttcUd firm tMm 

intbmK Hw pfii-fifttlylif* -k** '. iadifcoly nmWrtko m ri*i .4 Ur ttUMtot*. He ivnn^i^ Wu4ft 
t th* hicttoUAlcwck in in Jim U d*i « mt>, ih* irSrKof*, saA are firetKiwd fmm drtfojm wuerbru- 
ooitcd gli-t c< -wr- 1 hr ctirl# M*4lt I* pte*Wed v 1 1 h lwi» mwr oi tafwi Iron ■■ lo , n nreo*C 4 : 
tk- 7 *. 'Auh dr*d)ti malffM * p fch tin i** ivftrrc^ p. Tic icrtarjil (ktk y^tiN ruun* 
rtfim o lo , £<Hh ywy» imm wro, hai j douhW vender, foettUo the oincevvi tn njd cl dmtiitt 

et PTrf mtik t^mi la-ism . ai*i r« protldcd vhb an akimRum noOrclUm raid mhkh timr* ti* ,# r 
^1*J Md Jit* MN.M.i (cadii* NjtSt ihc Uttar tn un. (MiiUV <vi^df wocr* can ahn h# f.Ucttl *n th* 

v?rr< n flfCic, wicc tW f^ui** I rur. tr.-m - in v ttth hark M nem TIj* huvrnw 

ttfemwa ( ■ukUrtfiwPUw trdfrrJ ) f A utm and ini iKftaat if at iinp «f tic two mhi, *luii k^rtiaS 

Tratar-, I# (k htc cf iJ the main irlaafapt 1* adj-jtitd fur Si rant, v*rr n#ar* arid 

dtiT* nntatccv hv rtcairt of ntr ncroliy fas toted dtvface, to a nkcly icnr brfarv iialidl a»pf ou icaiiwrtr 
mciii for d.*«rK*i *1 wcmiit atvft aftw * *wtc archkct, 

Thr iitlf rrhiingrub!i k mixiliary tebeaeope, tltiacribcd on i iri and 107. h fur 
nisli«d In two style*. 

Kltlr I, oil opiKkslte page, lias im tiiv^t,and u therefore nouuttljunh 

sblt* t hut it him l*?eii n<» uiuHi iiu|pn*v*^l Hint the line of iHdUiinttion of iU prineljia) 
wire* whirh I* the vertical co*' whets umni an top idouttpii. mid twtunee the Iwirl- 
ron In I wii^e when UmiI a* a aide tHwcopo, lie** no nearly j>araJkd t«« t hat of t he 
midi* iel(TMf ij*r a* in Sk* fimetlcwliy eotreei In hhh^I case*. 

Hlyle II. nith tlietrlvetn, euu beadjuatial '^tli4it the Hue of colli timlf on of f"dk 
■ if Its wirea w ill he truly [ion Hoi to those of the main tehiOeopiv All of the etilef 
featlinhs nf this tfiilt*l| me protceted W letti‘ta puleiit iMUld i** ua. 

HVrtttti Mudi t I rim * la. SH . ... „ M Tt*u 

* J inivJ'ljny tiEcacxifc arid r«tsBLcrr'^tCt cJCti it 0 # . » i| ** 

'* nU<wl»* . . * - , . , gifiut ** 

*' iri»if*tit*fj.l lit :frA}jj£jifif wrdi jhiir^hcti, mfi.ihiiW, cat . C6t ** ; r *' 

Cjuu vtt Iflw cf iaatruiifiii crmplttv, focU4 icoircly !♦* dM|HT<f % in t l#nr» *■ vi ** 

No. OD. ME(tit»ffTriiit4«il willionf ('imipniw, a« In cut, aiti ^tfh i n 
tfreka»<*al4t tuviilar} refwopp. Ih irJ/entel mxl vi»rTieu j elfclfir. 5 iiirhe^; *olld ►dver 
gredtmt u>ji> nuelmg to Hit mites; gr**imd ghif- *hiides; . 3 t-lin h level to ieh^mpe; 
2 jdatelevoh*; Inverting teh ( f»i*>i*e* 0) ineht^ long hy l|-tfKrh uporlunr; t if erect in g r 
hy If Inches 'l ; power*. 2fl tlhtiueterii ; Euvonlng Aijkilliiry telescope. 61 hy 1 Ineh 
aperture ; if er*vlliig, T hy || Inch ; Hx*k 1 stadiu wire*; grodlcnterl S Ulntnh 

mi tor shade-. . vu>„ Hrlcft romtiUde tu uIhivis jSt;i;ir>AM> 

Price* with ik»uhlsop|*>*ite vernier* to Ncrlk-al oirvhv evlrti, ^ '* >41 

“ ** prtsm attiiehtneut to eymidceq “ 

,# " ipdekdeveling iiftnehment “ R0® 

11 stylo II. auxiliary telcacopc in plnec of »ty Lc 1. ■* 8^00 

rilkrmt style L uuxiHsry tolew'ope le*>, ISuOO 

“ with one tlliiiiilnatiir shade unlv f«>r main ** l.*W 


■ Tv jk’ao? iTpoc Itvcl* bt lv* the litre? phi* ai>i *iihm ihc j 


ajt»- Imw4 \ff If aid the ^raeiiattd <Wlh 


n u (hi (iTacikt in frcnif inv^jrrcfiU oi mir^c |n*jt .',*4 m upiii> Siis^n*) 1 Kjv ihe arsai dio»' 

viflUp i-i jartlj «it.KUifna it+m trn« i e*. anU 1h« «ik)» kvcH arc fc» >mall it* diam*1rt **d ktijlh tv fee 

WWMi $*4 iii 1<¥*^ ike*? adimtmer 1, JwS tlul tic? c jinmt be rtairhcd in na nl r*f f ilrr i {itlWU|\ 

Bvt ih* mc»i n n.<j* fhiccitrco Jft ikaciht fev Uq^* r*<atr#it *,« i\r upcitr (Aalcut a irar^it 

i Ji, l tit«. muv * t\* '■ *t ur to wi/h an i *ir >r uin + ;At *J*£u n> +f Mr j^fi'fii ^rfp VA r 1 

(JU tf tA+ u*f€vji* in i*it ff ww/A fMifwnf 





CouiiU'rpoUc. la tttitbAtkgMbU 

Auxiliary 


Complete Mining Transit. N«. 0 

ll lik PmUmt AailtUry TtW*|* StyU |.; 

™*HI* ft* r. f r H+riirr A &nm 
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C. L. Tifrfr«*r & Sons' Patented Equatorial Adapter 
for Finding Meridian. 

The above ml llluafoalo* our now solar a Uach in no t, morn fully descri bed on 
pago ilia of our manual, attached to the upright pout of on r Style I Jtitnrehsngcrthin 
auxiliary telescope li will be are u from ihtee cuU that by lot figuring the <*iun- 
Uiriai adapter A, and the striding level C p the patented interchangeable auxiliary 
telescope used with our mining transit can also be readily oonvarted into a tolar 
telescope wherewith* by attach In* it to tin* equatorial adapter, the problem of 
find tog the meridian at any hour of the day by the sun mu Ik* aalvcd readily and 
correctly. The results obtained arc tnor* accurate than by any other solar attach- 
ment of a similar kind, a* the telescope I* larger and more powerful than rhoeO 
heretofore used* It* posit Km on the lost™ moot. being considerably rnhod al>ov« 
the main tcic#copo T gives It a free motion tu any direction without IfleWMbiuncei 
and frequently permits the Gun to bo observed without the n*c of the prism. 
Ho*rt part* *»f the adapter an* of alumliitim to decrease the weight. When not in 
u*« she adapter fa not attached to the transit. It i m so substantially constructed 
that the adjustment* need only ah occasional vert Heat ion. The same prism and 
colored girths at foci him® t BccomjNuiyiuK the milling transit may be used , The 
patented striding level can also bo used w ith the auxiliary telescope, when use*! a* 
it »ido tolteoopc, to to vet it. The pat Ml tod diaidiragm I), used with our auxiliary 
tclctfcojK 1 * whet imaged for solar observation, is provided with four coarse 
cruea-witea «qiil*dh*tant from the vertical and horizontal cm**- wire* a* shown iu 


cut. 


I larnUh I in* Kqu.iTnn.il Adapti T U« say «f nur wrinlnj* trail- >i* * ''‘Of, A .md fl* w# * ,r 
,■ r U provided witli *4|lr I IttlviflkMSpeUt noiilkAfjr Trlwetp* , Imt I* ^ “ 


The 


Wr ran J 

od If fatter L~ . . . „ — . ... ■ 

attached to .%« old fcu»tftfamft It wHI t+ n+wtwnrj to send in a* Ife suttlllary UW#oepa, < 

PHO ) 1 K^luirUt AihtWTi MrtiUns level, vntni,! Ottlux both iKiewoi*’* with oOcrrd 

.iml rr|i*vjql-f»gicfXi]Qreii: tVwdlrvrt - G' ao ° 

* ,|bo KtwlHAblfltu it»8nrif'iof*- w«*h ilit? Inurement by pcsrt-hajt l* 

vOin mi luixll&ty fi-h -T H * iiti-l va'U i. iu vr nival |»>*^ ''*41111* •hown m fMjtc I, in *n ^tra**/ 
aetiMiif . . aia uw 

* *<e d*iui'X ||*AC Ii:. J fljemr b |i**c u„ 




V. L. Berber & Sons’ Bracket for Transit or Level. 

Hi» t>nck«i w dadKiHHl for auppurtlUK Hit? iHtnuwm under condition* when Die 
*“* " f evt,u our , ««wu*w trip .1 u UuMlmfcnlWe. » n ,l will U* found * valuable «uxttiwv 
icir mmiii|£ wfirk Tins iiuttrtHDriit <siu in* scritwyil the brackrt a* imu i1Ti a 

' b v %‘* r ■ b,w or «« « «v,. n ,'int. TjJb^u'^rriic 

„ f " h1, *" toiiffw the irtwilwt rigidity, nml Ik furafefcml with an auger and a lever 

I rite, One brarkot made fur Trannt No, 4, with Imi, auger and li-v. r «jj IH , 

** 11 ** 6 , ** ** *» « W IS fit 

Eveir addlikmal brack*! extra, for either slise # . 4 $ m 

THvet uf b mm* to mount transit oti, ** Vi~. HI 4 ‘ * [ „ 

Short Focus I-i-n* Attachment.' 

The above cm of mir wye level and Fig. II illmrwte ,x,r puenud Focus I,„k 
A ttach moot, attachable to thff object end of Ok* mala which permit# tin* 

foetid nx jkjectw nimrtrtlmii ibi> image of tbemoia tdotcopo will penult As a nib* 

"***"*% * fort» afajtw rive to*** fc* flirt Kill fri.m 
- lh«*toiw ar* ^’HfiniUy famUlied ia t uli* l^r.s No. i mil j*nim 
focuBinu "*f objects nls*m t fii’t from flirt ruknatt. I,rii* No. 2 will id nt*ii fi^uSac of 
uiMHit 2$ fett tarn inrtmimiu ; toed tOfpotH *r tln-v permit footutar id obWrs 
about two foot fnm inMnunenu J 

] lie W® 10 tlir ii 1 10 Of cufllmitloo i»f Ui«* main fttacope mug iht* 

mil of a Mjfa fie*** of accuracy. They wiU ofatt of gw*i cormnkt** a* &ti 
nnxllKtiT to View objects that aiy !»>*> near for oboerritig without them. AUaehable 
u* imtidlA \fi#L !• 2« 3# 4 f 9s 6, oud to m:r wyo mud d :r 

Prit'r, I -cm* Xo, , ( t t m t ^ 

i ? j w n * * * * * * * * * S. 5() 

** J-*****" I and \o. 2 

* S** p-*12» Hit 
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Mining Transit. 

IilmblBiirtlilr Mttfa Ulijt iMKOt* Uwlltf Hmii*. 

Tbn leading (cat urc* by thi# Instrument, no made by u» f ar** that |t 

X iStVtluatkged with the Jump targets ohorr the Urctin# itmvm {nw* oppradtc *£*»,,. 

W- - — ti r they hnvi> b^u act up their relative poailion * to hoi# hi und location * 
?om * a exactly the* same ii|H»n being tra&sirrica ftxwu i oc tt- another. 1| J! 1 

Ji* :mcnt c^jKcJitlly adapted in th, wcih of on wi^jjoo? ;c and ** H ' 

Involved s tfraii deoi c. £.; [mnilite it->v jeew«K« by in&tnztrcntft iutciKkd for •nrtZZ 
vrotfL. . ic w&d Ln I4& entirety, no » Muncyim, .Uetnunfml. it is mcic complicated to 
ii mi:, r. ihc men; c^tiUjiiiary ntvKvt, and nvh the attachmoii^ lx. t sUle or to* 

.eioaoopo -l gri WK still ii3 oro iki, and in then difficult t Y manage in ^itn oJ js* 4V J 
vhtt advantag lI.: rived frrir: iu ^ siaj, however, crtur ismte fer v. n.tra cumber, 
xrru! feature* c* this Iisstn:ir.cr.t Twe lamp tar : x% r.rct commonly t\ ; j iod with 

of tht* fclad; but fmv‘cr.tiy er.o only Is erdarodj uoeoici.:., to iimelwittM r4 
- work for wh, . _ It fe intended , I ho vartlad Gaolers of the inu.j. taigM* imve t„ 
be well fitted Into the aookeiaof the tevcilng ho&dd^&ml la ocnucGLefico they omne* 
be filrttfabtid separately. The engineer will fnerjfm deride trhrtr.c; rue or two Juum 
,urgc*ts arc iiccesMy for this* work* Th** lump tr m j* Er uro e*i th- ttn») Knight a* thfr 
t moult mcfutuivd from the base above tho leveling " io tho line t f *lght, and «**ch 
,* provided with two spirit levels. Tho target* c r *n b: - > ’o\yq<\ in the vertical luid 
horizontal plane*. By mtmm of m tutmhir ttlimit 4 on top of the t«rw, u l4 
alter can Ih> iwlllv net in the dlrocUou of the IftetriUncut Mn .tn fwe will llu at 
:ght nngt<^ to tho lino of sight, Th* jampa can h*« railed or l- wmd at w ill, and can 
jv, dotadbod whonew nocc^iaif. It U of the buB^oya juiuom : and th* bowt larded 
uiy vh xid bcbtinied in A 41 cf milk $Us$ placed b«<w*ea U ami the tar^rt 
■srnishcc it. ilinmlaated baclcgroucci* a^adis. vx,; L the lateraMloii and outUuf> 
y. iho sre seer, sharply defluod* 



Wdf in 4< illflkr Ira. Ka f ' M » * - * • i ilia, 

*' u'pcIjitii, i . , .*# | hi 

f * >1 aii^m Any cc»aaiTJ;^ ir>tJiue£fJt laid c**r Lirrtt. ^rrv, *lc, ( *!>cui \t *' 

** ofit ►iiTi^f/nJnn TfitWj# ibitu ^^4 Jbt ’ fvoTfij^^ . * " * , " 


Ciccni vc^hl ill itiUTrciOuocftt, CtBfiuel^ pidfrd ttxvreljr ;«. ; i% tw bo», »U«I ;»■ Sw* 



cf Uw, ow»ulnJr»y inonjmtMcxiy, itxc , , , * « u lh«. 

** ** ** a lut^Httfl^eu,uta, M , , * . . *6 ■** 

** timm IWpads : 4 " 

Gnu r-xliM Irwwuf*^**, cumjlctx* pacbcS Kttttr-fcf In j Wes - * >lx«t ik> Eh*. 


No* 7* 5tiiiinjr Trnii^U, »Uo ur In NY>. t5,; with emo lump target a-* abowu oa 
oppoelto page; gnunatlwman solid ailver. vocnlcm r railing to minute*, aife pwvifirl 
with ground gbiss sliaiiim ; 6 im?h ful: ivrtlrni circle ; spirit total* dainp and 
rndkntsr Kmw In tdoiM]w ; Ulcmluatr : shade; Klt-htlng level and fixed* 'ad hi wli^s 
2 crteiiidoti triiKKls, two plumb-bobs, rtc, Lanir* lurgvt e nicked la Bwtrutn«it*bOx 

Price* $350-00 

No, 7»u Mining Transit t;hv vi*, but with 2 lump target** Wth pocked la 

.MmamU boic, three rr,teu*|on ttlpo^ Z jiliimh-bobtt, etc. 

Price, $400,00 

m strumc bLs No, 7 and 7it, without HLivling Lci'd, lew* * fr±x-*' 

#J “ 11 “ Gmdlcfltor, * l . , , * 

11 11 ** *' ilxwl Slailia Wlros, loss , • , ! IW 


«? or p**ice of Cjctrr. attach sr,*0^ • ci Bxtrm to *1 TVwasifa, [mp* 1C2. 

i<st=, * o truictr -ffi iK' iiAir^r^cr : irS dn Uk^ ifctiyi u — FlrM *1iMnw di* ■**_]£? 

OCi: r, chi ^,iri. T c— nt i\ ; lb; t w.;r Center l:j nx.J-, , * iJk xniZ mir^xtEif win! rrtt Jt llic<rd nf UtacIlMMeC^E 
Jir vinr i . sci'^v. 'Imti Vf*m tba ciunp ktw ~m ;^.wl]r«harif# ifc* Six wa^ n * vv* 

iis Lk^:, tkuated at tks' *dt r-T tfcc c^iiip.Tht U tirurxtscx ike U«p om fe *VrU<EH*1 br llfisii it 
,ock:. a ills krslirrjc he&L He*: v <k?i» « 1 E *. O- tistjji*, wledi wm; i> ti*im tie icsvliwiwol IJjJJ 

Irv.’Jir^ hj*o, »h:iild kij 1 * frJl freer: i„. , cr Aitrf <UrnjXnf the inwirufT^Tt to 4* hvetOj 

*ii t : pMvr t «r*y HKUe.fi if, i- *nu ih«« r >; - IN *mill ivUIciHwjM wi lew* k* r.t«efir*f 

-ndiif belt of tb: lowcf u^|fsm*sefcr*/, U*: tmuk ii rent ; kriecrk *n& cm bt tie not M 

c 4 cnx eewmfiiin. 

GThi eihilnj bctiMren the u;f«t *r;4 ihc -if*^ f«rr£Uif«l »lih o*t ^H*hi4 

ho, j t cnauiiii* ixip ti*4l hi tbs Lm/ th: f*m.: t i c. cuidk, Lef* jI the moic htigU n ibe if.Lr.cT^^ 

wta to t: rtfhftKi UplAScK cf trs: r kciw c, :.' v 'c*fa< v, j^ituruljrii f-w ^lort »ij.hu. Ijy *«•* ® 

^Bn »hv** tf. thf (ftKeitc s^, elihsi kiifl <r U.s ft nubf uktu viih r>pUky jmt v«w«y- 

% CuWfOiirr «iu ef lnptftn:€n: i n iitouit %■* \ i;tii > i>, to coir ;xrrf 1 »->.h f|Q, 6, W cU'fV 41 
mt -,rr ^fet*re-i tt furxiih thia nyk cf mtruacs; cl «b< Xo^ I nkwertf dwad, W it* the «h§ * p ®^ 

* J>iut 4 fhk m\\ ’ «>e k*- rv 4 T>mr ;ju* ibm, n^e* lor ewh bn^ unfit wd iripod ,hl — nv**«* 

tciT Is, enu^pet \'hctu 
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i\ L* HrrciT & Sons’ I'lilTersal Miuimr Transit with Hti pli^x 

Telrseope Bearing. 

Tills iurtrumcnt, ropnooeiiUji] by the annexed cul?, *** designed by us Jun* ii> 
imt. in rc*]w?n*e tii an urgent demand ujmui u* to cuatJlruct mi Iri-Uutnoiii which 
could he depended upon to give tint etuac** mmlb muter the ino*t trying timm, 
atano?*. It wo* <budgn«*il to do accurate work In measuring horfeouud rniRi-^. 
between pointy one of which may be dep r e ss 'd it* much a* eighty or ninety dagtee* 
holow the her burn, while iheolber may he ** much elevated above the horbo*^ *'.4 
olw> to mra-mre with tspml nevumev angle* of eWntlnn ar daprearion above in 
bejow the horiwm. It was planned to meet the rc^ulreiiH'Hi* of the Mining Kngi. 
ueer, who mu -t have the exset location of every alia ft and tunnel In a mine, the 
length of which may aggregate si number of miks»« and necessarily the instrument 
must be 1*0 constructed, that it may be portable, 11a light In weight Oft <W* Hide at 
with the end to Ih accomplished. adJuatabJo by the engineer at the bottom of a 
nurse, and lU del leaf*' part* *0 protected from the dripping of wat-r from rxnrf of 
tunnel or from lire sbafls, that 1 hey may not* l*ft injured. The lint rumen t having 
but on*? falweopG' Isa* simple In ewndnietloo a* 000 with a unlvcrhJil adaptation 
can bo made. It is necessarily n little crowded in onWW bn as strong, a-* cnut# 
pact, and na light ns possible. To produce the last result, IJjfteiv, not only th*> 
miaft of tho standards, the vertical circle, it* verniers and Yet tile* frame, eb\, but 
also all tb" detacher! [arts ary* made of uhimimim |r*e aft Ido ** Aluinlnuui for Irahii* 
meiiis of Preclsloo/ 1 i^ge 2Tj« No attempt at elaborate II11I0I iof tbo futterioj sur- 
faces of theeo purl * him beoti rn.*ih_\ a* It would require a different design at the 
expense of piimplU'Hy, Ilghtr*’**, ativjiglh and general efficiency. For the moot 
part they am treated v ith our doth finish, or they will be bronzed in black or green. 
Tho form of standard i* of a uniijuc design : two arms roach out from its br**e and 
front the usual liearings, aitd offer an ex centric beating for the f*up|iort of the tele* 
ricoj**? when It may bocoma for the engineer to direct the line of night 

down or op a shaft, thus affording t wo (springs for the horizontal nth of revolution. 
One of these may he cal led tin* normal * the other tho ejects trio bearing-. To aeeom* 
tpUsh the ln^t iwaltfl In stiffii*’** ami solidity thw standarda are <m»t in one pas*-. 
Them am protection elaapaovor Uio bearing* of both tiro normal and exeenUrfc stand- 
anl. Thow over tho cxeent rie bearing* may be Omitted If «o deal red, A cotmtcrpoloe 
1* to ho usrd when the tctaocop* la In the exeetHric bearing*. Tho striding level 
fumhdmd with tills Instrument I* of a most acaaltiva character. In «w**, however, 
where tills Instrument Mntendcd ordinary good work only, such n* could oc- 
com pushed with Mining Transit* Kw- 8 or 4 whan provided with a side telescopy 
a utiiding k?vH nn dern‘i , llityi on page 5*V f resting on Opcolol c<illar^ Mwihen the 
atnndtmln, can tw supplied. 

In order affonl inermumd atcodlnean, tlsc extension trits.*! furnished with thin 
Instrument U Larger than uaual for Ita viljcc. and the vert leal center* an! of tba 
samu length anil diameter as those in our transits M<>- 1. The lamp target;* (If any 
ars ordered] ao? of the pattern shown in tho cut. They am interchangoabh? with 
tlm transit on the trip***. Tho telescope should be inverting for best re^uiLs, 
We^slil c 4 Imlrtmtui. tUuiiM |r*mf t4 *J*irfAfiuri. ata a* i « Ofc 

" Cmnlfrpuci 


*trhhr v W^r3. 


rr.irtr- ml »? 1111/111 n. 


= V 


ihMJl jftlh* 


" «ew lAnji Uif^rl ..... “ * ™ 

44 ti»* w1[iid atioui it lb*.; tdp*tJ* M a# ** 

“ njhtyinj l<ii t cnfluhim; ir*uritiieiii iret A* ^tu^ci/nrrili, ttc., 

** " " *' «w Unip ur#ti ||u *!i , f t4 

Ouv* (g InimirntfiJ, hr« t ;ocLm± wnualylir ah^mM H i|it« M »«* 

No, H . Univervuil AUnitigTnttl^iLHsluciiTs. ilorl^mtal and vertical Hi 
o inches; graduations on solid Mlv«r, doable OppO^lta wriilem reading to minute?, 
CtC. ; o^h>eh level to telescope : 3d 11 eh level to vertical circle ; 5-inch striding level ; 
tw'O plate level s. Telescope ft ineliea, aperture I| hielm* If erecting, andlj inches ir 
inverting; jmwerlbduimetens ; Attnliddlivirt's; Idunlltatof shade* prism. Mag- 
netic needle 3| tTKfhe*. fhje lamp target, packed in separate box. Two eftan?ioC 
irifM*u. two jnurob bob*, .'ic- Price, complete aa alwve, 

Prkn* of thin ln^ranient, lump urgdt. trtpo<l. and plmob-lHib, #90,00 

** “ “ 11 detachable cumpass, . . * 40*00 11 

* “ " “ protect io a eiaspei to exoetitric boat lugs, HitiO 41 

aw* tvilh striding level reading <m Hpe*'lat collars lietweeii 

the slaiidur^l*. *ee page 148. * ■ * $X90 M 

No. 80. Dnlvcrwil Mining Tntoslt *■ to No. S. but with -J 
target S ijiuck*>l I u me box), 3 e \ le in- Um tdpoib, and 3 pin mb hob^ I riel* 8 i I * p '* w 



Lamp Tur^t. 

lilHrrkiuMlili nlU fnadt abott* Trip*] 
I> Hadr by C 1. Hu er r A *ioh* 


In»trmui 4 it( wltli Tf'lm'opo lit Kortitai Itr.i 


C. li. 1 Verier & Sons’ Uni v< 


Molk - 





Iiistruiiirni with Tflrwr^ Vertical e i <«. 

the Kxctntrii' Ikvirlog*. fi>uiiter§Krit«e 
atUclUidt 


I touring*. 


IiuininirtH with Htrhllnjr Level 


ilvorsiil Mining Tninnit with Duplex ToIcxciiihi lii'iirliigs. 

1 I Ilk* Villi It* tu*c± ft ui*» liU) crflK rtt'i Villlt Lhi-rc lr vtiinr Kimx 



I nfctru iiK'ii t with ('um|iiiw» nttuchiHl, 


Kot*# — I nimudi at (tie tfcoic cotuuu U 
«il^- fof ccc^^fLil uk, WTO &r%-»h*\ 10 fUtvc tnc uf 
r lHltlT l ” in Se** ahwilll in ihvMi <4 a 

•ttrfdlitglm:], abiiir the icVwrciw. To i»* (h« rntii)^ 

H fc ixcx-juary *> torn (be ai.p* of ihr mw] Ur*W» 

and H* Ufft Uic bckmnfic’t aii* ol 

yB fwiili ai. Tn guard apiiin* mMjkra in fa'a* irqf )hc 
m ihf utoptt ftoniilro no the IftHfttitoml, »*• 
that tb« aribll pc&u cannot u v>.<r«f a j tier, tn+ ot 
lire kp w firntiiVd »tlJt a *k* fur ihr rimkclJot 
by mhicti || b Titlil in ponim* fnor fruij rockim. 
” M* If* i«e (be c*«tiju*t ti4t%\ he- rtftpiTcvl trim ihr 
f«fWKTi1 Utlorr itk*c*« u»n b* rennwri Ihb 
uUrr fsaiun> re-aikr* Efc* u*« inreaiwol iit aid TiaNk to 
dcc«ijpc«jcti| r T1 m rw *#* ftfuttr* tn/raw^S 

«i1fir Kr.#;ni(r«| Ho*. a* b invitl Snout mboif tramM* 
One «# i nMiirtfj ffu» o tw **d tuck, ihc <rth*f *<t 
fro* a 10 jfr^.—Tn ;ilacr ah f&ki«£ tttniuu dirccib 
abro* th* »#k*«fi*b Mfe of imbilkia and joaalr? 
Vn>th tb* irtr^t.isc (Ifc* eiilr |thKu «Nfi» t*ie Could 
Ij^a ottiH inerwo tkm w*bjit of ft* Ufatfotw And tt» 
CMfliotfKb* a |7ral tkal, bijib tekft «trjcciinH&? 
fa vrawii nfibe on Mart tfnfcinst d Iho m*dk agaiiot 

IlhB Airk «f CifTifdM iW** aWc will h* umiM 
0«ly wtlh ibH Sniirimml. It mill tw packed U ibr 
- d* da* »d U ii Om liner a« 
uotikriHf tacnoaod wmby. 


attorkfuL 




Instruction* tor using our I'uivortal Mining Transit. 

fr4)ruircT^ j nd Iiop Uwi Mil Ailii to thclf tti|***J* in the au 4 ttef dr«ntfwd ret |uc* Id aocutt 

rqcaL heanhi id limp urgit *wi im<rurT«nt aJbcnrv uiimIi * skilled iT-ik. pei'.-pfod wci* ibc nutriment, mi*i U 
plated Mid Ilfjkrtp wftw #4 fe#c it* head <4 th-* (eurhcg renu aid the lt%<& :1 m mitriroeur* t t ±%4 (« 0* 
%»!x where Ik1«iit(l4f9tflt «r** i* ThJi h ■Joic U* afford allied leg, k than vim (lie IwininrH i* 

k#tk*f up, it be dwji of t h-; Mrw: fcur^hl, The lamp nl*> Iias A fiicrl kg arid two In flin* Hnvud nhm 
!r v*kd uj- If n| &+ it«f hogleailh# Ifindi Wl^r. inti retorting. care trust bebkkm tnt Co dJ«t+ft> it* 
t it pod*. md la place the fixed Vrr»<< In (A invtiu incut uni limp In the tinulAr thipid r*v*[itidt frukldec hr 
Offli in tW iliilxig piiir of c*ch Inurement aid Lamp will then be kirt-Ied ftp, each Willi a kvelitfl 

•rtewi, AfKf wWeh ihrir rthtfiic heifit and i-mom aJ*m* pirind will be *«A*i tie mik m twlre* tSnv vttm 
.tiers hinsii m the it trip- *U I in. * «rd i*-^ f* mm* be Mut uliu-d w explained urdu Muth-j Tnmlt N - *, 

A ««*c*nirv pt»>ev it jreHvdid n*jr ill# huttnn cd the rcsicriurtcd the trivet «| the Lmirritirnl ind Unp, 
artrwid wins It a fife % ire »uy be l**1rt*d whffitier their dUunt* iy-ic 1 mti** ler me Hewed. 

Alt VkiruiiTAil m^k* mraeerr fnm the cenltr td the LuUrjnifnl. vhit-uf lltc tekeefq# u In th# wormal 
la exccwtfk beaiing*. All venkal anfjSvf utmiw Irani tbonwr d tin* ;*l#*c#ffcV *U* of ftTc^jium 
rtxiifcihheiy. The &*Unet L*efw«n ll* <«icn u| b«h btifiu;* futM be 4 tteftfilfrp 4 fl&d «otrtct>*n sinct I-* 
applied vih# 0f v<r* wt mfnunnj verttr-il jup*, th* itkid^pc in t?kc MCttilfk A kirai h«»V ♦•Villfd 

,* teniae mi td iht ttiiitffK ton** i<* tmtrttiiE isurim*iii uipkeA gpiev pdm tij mcaa et 4 
; ".0 1 1 rb bdb mikpnxdid ftmt the t«Kd xlra the HteKO|ic H jO«d Witri until p 

The beat* r rMntft [«>iw p# mm it>f taAfened to ih: mif unrnt in Jr. tit tf the iruin nrcwr unH 
baUnec t be tteltht ot the evcituric hearkttv 

The VirsCf c:#inf#rfKH*v cd k-ad i# io be tuimrd tbe br*« ecmilrrpcnke Vr neant td tin mkb*d 

>P>id#d «rtv*. tIi* b> mA |t» urtichrtwiA* m u*>#d in th# unmrx h^aiinp Tie tr>aU 

<ff iiinqwbf <1 kad **n> he |d| k fd m dkiMttMMil «hfn tie Kivliu kvtl h to *v>> the exccinr* 

'curing* JU'lti miiidv ate ‘Jutted In LuiRlle Vti* 

The lift? ^fMcilerpeu# *lovm i» ih« cui it rot ij.- w asidieKT: td balinef the wwi^ol th# iclfstnipe i» 
the tnwalhe l*- imps bnt at iho vettsal ciwie u< the Icletcrfek in rr^atMli^ hi^oiial an^kt, it «-nrUiol 
bf lW Irani piau kvel or I7 the *m" ■ r iuifi, pahieh are n<* affected b» thi drlVktet in the weight id the 
cecintrrwite, iM |iuarrrt<lt it Mfkt irt tni tffdlcd bjr ilw kwi attaehvd in the i ritual eirck* I twa* 

4r*neil Im*i, vmt In add In the were* 1 * el the iinanifrwrrtr A One *d the Unruttenl 

cin l»e uU hnveiiT, by fiaifdy n/t*Ai:iir «/! the ir„ oi hr^dctJ tercet i«y *r liltii the t'iu?/.crjor»«.i ate 

vrcnrrd in the iintf mm m, 

X% a rahi I nr thr. tnore ntdiarr purymci the jAlle Jerek almit l*» be dciC-ided *n+ bnt fm ttty tiott 
work in 1 iniur'* \ dnw a# «f> a deep *luH, etc,, m witrn h>ruuf/ 4 i| Ax^cx vuj> 1 be njc*»uroC wuh the 
leMcnna in tfe* twenlrtc heim^tp ih? tlrfUnf let* l On<ild be d#|iendeii on <-%U\ and thin, in nnkr to dim 
iLiit al trron id cnllmuitkii ind hnjeilli il Mttf. in the 1 the hieuunul Mit «d rftidiflkn, die tele- 

vlujiul j 1^> F*Tfr**4 <w*r H\ beanrtjc*, Thr irkx^e i in lie rcieTtcd din*u.“h the >Uidm)i n berth 
t*jrr*f*,nf it «Ay be rmrv.l. . r tr jjamMlhlCiil Wiybh OidiwtiHy^hen in ih# mrsuL 4«inbgi, 
it ibeuM b# rf teVtfd n»]Ff tVrtei^h the vtuiiiini» n beirrA flwee imi m'fe Accurale* 

Ritb. liter infill' »r*i the efCetflFK wi» ai the irLcxenpf tWwJd be mde with the itridn* 

level ihnw. Thu blltr bens; vetr rtftiillve (1 dis, d Iwd^^id ikK h# i» umjii^h on 

■ >. c ]Mt id th# f^gn#Mf xhniJd thr a £ nit men* t:*iiiriPTilii¥iiY cjfufftUuei be nut tumjJtOnl vnO«n On* «f 
tmdniitml <d U* toki tof» ot (mrw, at the »i(htv jre hdc«r aid ippraaeh n letlkrAl Unr r it b cd 

XirM tniputiRce In jh*t tJi« tifutett tftotAm* 10 ihe adj*m^Kfil* od the OfWeij Jivrl and wje Fvxrtr.f * rd the 

Yn idt iJrt tckK0]ie Mt *1 itt WirK^x. the *5 Wu *k'JA*«l on inyml tW ycitettirci dittpi nun frtl 
bt i4:idnvt, vWn tlw hrtUT can be tented JM^e, Next elddnw al.iut m-’-Mnlh inch iW xpilnj boh td 
1 Ik icletiopc'i (liraip and aWnhit id the icrticr b 1111:1 tniAtttt ktcv ly ttcwio df &e ftJJJrd IrriiWn **ti At 
she <ui nf mh b>x, \nw hit tilt 1 t 4 ««C 0 f*e «n nf to beArinji jud eitiwT rcvcr»c ntet the bewnnxi n 

it*e« n in ttf» cucnltk bctrinx».*» tl« ease imy b?, att* WJln reWie in the tulkil extrnt tht tiwtrxi hidit nf 
the tingeM Knxi under ofentMa Tkn bcir^ ALxufnyllmeAi tfl tctlnti* id the leJeteepe In (he veriktl 
P'ato amt le mi'Vf by lit And im^rC -at* w tlutt t uAm> aiimtwi **#d be piui m ilie tiimp ot the 

vemtrr traw-r I t U nfc>r wiien ttrtial^^tf tn *M be nteittiieil llm t1« buttle a* <be kitd tetaftfd cn cl# 
itiffici U*n# ituti he limnghi in the rentsr «d the lube by neixi id lit ■until »crtrw. (mk«I reteitt h# tviil- 
cal in^kw mu b* oHlened nith Mt iiitr>iiiRet, aithMigh the iiljir* ttux he krekd so jrt^iriU'! y, il dee 
ttx ifd |i unJr in the Ltritbwt etc bubble t€ itnt fctel nut* be placed In Ibe ceeder ei Wt tab* btdcee a 
teJdrv^ un bf fhW .... ....... 

To fTikc the Iilirttxienl ol thi* Tctvl Jif-Keed tbnt:— I'brr th# 11 Irwif « in llw hcrimnUl plui- v 
fnedni 0< lit tar. nt «€***, then mnt llw verxitT ltitKx‘ Ul^l «*e« unlll th^ ^.».i 4 n# at iJn Aqhv 
innim, A, h %m Mbckktci with ih* neoJiiw ui llw wnkai cwle^And r«*nii»e orkwet |he MivM.'C 

•crew cd tJiri fcxel. at Oercji# ex*y U. trttifl Ihe l(*%hi# Utn ttwcwxavrof ice tube. 

tl k iHJir tuHMiwd thuUt# »ru tine cl the dutble nu^v rrorknl U. Ate Jlv- In eeliHnkrjC^ 

with t\ihi nf the mtfcwl cfatk tf wni> the iiTTiMr% ssarked B can \k rrmtd afler Tekiuttf the CA}«A4n- 
btiikd Kiret, mtd Jw-fX wfl tsnn r-w *hll k*r <t tlw vtriicjl uivk are aIk, in ttiniid* nee Hmm, tik 
Ia a Iffy bheei^ni pnweedn^ fnr r tbj*e urmutiAled ji (tut Wufi. A+d A* Il CAi^nl alwAss l>f inid# qi«e 
exact, CHwing In the node of rrH-ifrllr« Ih# t#ve«ofie m si» *tb. it will be lojrd eA*kil in cAmoAte erne* <■! 
excretririt* ill ttw cf*4nitHn#» <d Itw vertical <irc V and wraiere by r# uraini tekiceqe arxi tiknc the mein 
<4 it-^ rturtiT®*, T>e irTtica’i crrtk L> indoultd IfMl^le^ toA b»tk. i*d the ^eriVtx «e (Icuhk* *0 tl*Al 
ascho o>i ekraticfl aim! d*f*T*unn cart be rud wuth cut and l'<e lerffitf vadeetuditti «t jw<e uf> 


Tunnel Transit. 


Undue thU limtitlng w<; wish to *iy that th« fleam) for™ or the UniwIUhcodo.llee I 
doscrihrtl ii ml)' i S.» H, II *»•» 12, i ' best for tWBitel :iglneei - 1 

inz ’Flic letescopf should be Inverting and l» provided w ith a diagonal eyo-pieoe, 
w a prism- A nciisltlvc strfiUns h-vd sIiwMIk* added bo n»t on top of the tulwcopn ( 
axis b> eetaMUh the vertical pUi ovrectly. 

I’lie kxtras in addition t« those ennincmted under No. 1 1- are as follows : — 

$30.00 

ia.l» 

KOO 

7.00 

3.00 

10.00 


4 J 4 luclt wiwWtc striding left U . * * 

litagannl eyeflece • 4 1 

PHmus AUdieMlilQ to eye-fdeet* * * 

Lanin. of few* or cornet. with ground leu*. * • - • ■ 

Knml table to Attach l;iiiii» to stuutbml ot tmiMlt t” lUomtunto mn-i, 
gj“^l nrilMSiorlii tin* center oflrh^iKs ho1^Ur-iUtHlihr«»iigHthrirk^i^ 

stTh f*r tin' lUiunliifttioti of v\ lire*, - 


Plummet Iran*, 


#15,00, HUJO, 8.00 


mutt TfclSSm COUStRLCtKl! WITH KCCEXTttlC TELESCOPE TO OEMJL, 


Straight Line Instruments 

Fw nnnlftc Lli#i «t lb* Sarfu-r t»f lh Klrtl **< In Tuonfil, 

v«* 11 ami No* ML TUc*e liucnuiieiiU «« without circle* ami graduation*- 
Hiej rest either <m three or four leveling Mrewe,and are «o anuugod Mto readily 
adjust exactly over * given center, alter an approximate setting ^ )th tripod legs. 
The li le^iMie axl* t* »? hard bell mend, end wwrwi l» it* bcarlug*; the bear! ag» 
jire adjustable hi vertical plane; striding level U provided with a handle in tut 
center ami i* highly sensitive* We iinikr two risretL rl^:— % , 

N. t. Apert lire t.d olf^t-gt***. I inch** In diameter; focal length 18 iin.lo , 

obJecM erct or Inserted, etc, pH<v $ j oO. 

No 1 0 , A nertnre c d < d Ject *g 3 n S 8 . 2 I nch e* : few I lei igt h 1 8 5 nc b« > « ; etc. 

Price $270- 

With the addition of a giaw or snider line mlcmtuetcr, lamp and reflector brtW 
alum! nation of tlw micrometer, bmlitlie«« in^mnwtuta may be «**d forUIOUgliw^ 

Xor— tt d«n«* » •nn i^« kvtJ «™ UpW •#£ tS3i 

tmJJtl id ^e <4 cttiiawM ul lb* ihra miirwmtm put fjvir isd prf»- 

Jrt tag tigtev Ttm #UKbin#irt wiJJ Wtf 





No. 10. 


Straight Line Instrument. 

WllJk GnJJnltr IllKhtinl. 

,4% mj.tr l>i r t B#netr A Sun*. 


im 


Tin iiHit-Tli4Miilol i C is 


K«r mv In tdll**. in lunNetii liS* l«r 


Nci* I l, Hioy yours ago n* found It deeirabb to dontgu a tnuudt for use 
w hen *ln*i romei/te of ordinary construction would full to give ^UitffncUofj. or 
dn not permit of rapid writ whom the higher degree >;d accuracy i* lequimh 
Xho instrument »* ahown in the accompanying Illustration lias no oooi|kvss, and, 
therefore, the appertains mounting the telraeopO Lain on* pltw. which I- pro 
vldrd with rite, and which rent* directly mb tb» top-flange of the Inner c^ter. 
The r*-*ult of thb is* that gr*-ai lateral strength is obtained* which permit* of 
mounting the letawop* a*b by ninaws of eylladec* ft! <+vh end in wy*«* Ou top 
i>Uwh bearing of the tchwcifur a\b b mounted a cap provided with nn adjusting 
Mrvw, with which ihc uw^r\’ friction for the revolving telescope 1* obtained, 
iiml these Cttpd on? also provided with two miUed-heftdetl *erwwft, which ran foe i^- 
moved readily when ilk* ifitasropc is to U* reversed for straight Une measurement* 
nver the hearings Th«ra raps ere m> arranged a* to completely exclude dust 
IriMu the axis. In thi* new arrangement U»e talescnpo ran be reversed as in unli- 
narv Instruments through the -umlnnh. as wdl a* over ihr luring*, a* Is usual 
in trlftugulfttioti wnd for aligning straight lines: ami last, but not hast, the imiwv 
nicnt of the telweop* in the vertical phiuc is Uie most nwurate known. Ordinary 
tmii*It* cannot ftllH] these functions owing to the peculiar form of the bra ring* 
wherein the tdmnp< axil rovnlvna which beatings are *0 mud** to give lateral 
el UTik^s to the telescope, on account of the slendomctKi of tbo standard* renting; 
tm the upper plate. Many of those Instrument* arc in use In the surw-v amt tri* 
angulation of our largest citie* and have given growl *atUfjictlon. The IneinUnent 
is provided nith three or four leveling ecrc«a. The vernier* ran bo placed at right 
angles to tho hoc of sight, or a* shown in Ihe cut. The dimension*, etc., lire: — 

Horizontal plate, ft*, inches, pradiwho h Of* sol^f *iffrrpwt« , iwl as in our WfyUr 
angltkcere* Instrument ; two double opposite verniers, reading to :MJ' f j two rows* of 
llgur*'- in opposite directions: long compound center*: l Much telescope : hoeit- 
tng or erect ; l % Inches dear aperture : power 24 diameter* ; praMtm to 
glide; Single spring tangent screw* Tor the upper nn-l lower plates: 4 leveling 
screws: ^lifting ranter, *pHt-Jr« tripod* ra#e, etc- 


Weight of instrument with a 7-lrieh circle, and fth complete, I I 1**0* - weight uf 
5'rlce, fur PI11I11 Tmnnlt*Tlki^Hlt*llt«*. $240,(K>, 


Extras to Plain TnuiftiUTheodollte. 

Jo, Sil«MT«M»ii Tmiiu. m K.t™ in M iii*« Trinuii. 


«10-W 

3).«l 

05.OO 

«).00 

U'l.O' 1 

, io.o< 
| 5.00 


Horlxonul lin>l> «V likche* In Jiaoirti-r. Terakr, rrailing to 20"* 

.. .. 7 *• •■ 10- . 

Vortical arc 5 “ '* *‘ minulc*. . 

Full 5 loch ventral circle. 

** +* « “ " doulde opposite ■' 1 

Tvo reading gtes-iee, with rroimd jfhiM shadea to ve rule re, 
lurtnuuent provided whh 3 leveling screwy as In rut. . , * 

tShlfUtag center for iuftrumeut with a leveling screwi (Improved) - - ^ 

Stadia wires, fixed, * Ji nn 

» adjustable, 

Striding level.** - - - * * - • • * 4 * * T.V.io 

C inrh M&irMevei i tith r*f*r*iht* dump, tangent ami frwSirnttr to teletoopo* ^ 4 
Oblong rompasa. with motbm lor setting ofl' the variation- ( lluwdnch 
ne<Mile reside only a few degmr§ each way from wro.) , - - ~ 

•XV*? iSmiW t 1 'KXfm 1m <x£civd nilh mdllf tludi;* % 

lllir «v"w erdettd l^f verntnay IV wr^hnf tnf*l nl ibit sittiiiwil * ™* diTiBydy trfff *b * 

at tot-id i* iri^ a< i-- TruaM Xt, !.* t'fjf RT?aHF t»if*rr«TKt u f*«« |V 

mm Vtwtfi iV ^Wndardi, *lnth h**iV ibst lhf «rdn»t Irrii. caft V “'h*’* ****^ Jlt1 th< 

SSirnr^ » »w*'«d I*‘ *h* v--rbcAl fV^r-r A *hwili aSsUfS be sctW^* 

rnniH-THcolubtf l> a kvt h tUmp Anrt jtc t* # 

— Fuf ivcrttM oi jptftsn ia inwrtu-e M TrihW {;Pf^ ‘V, . r ^ % ^ 

f Sirt*, - Far oi ei* u*!U3(«tiS« i-r * u«»rt x^r« «**•• ■ ^ 




■MI 



No. 11. 


Complete Traiutt-Thtodoltte. 

^ ***** * B *!****■ in Imrk. ih 4 ftr IrUfruUUuk. 

*» ***** *y *'• I* A Srn. 

!( « nit. |wrirtrtt,iti K it iv rum. nt « .tmin«| M niinim.ir,, exi-n**- (hoLl^uwri ,, nn ,i 

f ra ,r, r } i"- r , >j* <■—« * ■*«** »‘**-:v pSSm Zi i! ; 

I*- rlotli fl limited. -f Uwiram..,,. « 1 J JfJ £ gg 






No, I I a* Complete Tran- 

Mt-Tlu*«NlnIit«*, with Mr iiiK 
level attachment and vertical di*j* 
as in cut* ^Lom JiuJfcif JirntrutiiLiit 
** aliown in cut of Complete Iran. 
ftit-Heodolittf XfK II.) 

Inurameot Jia^ three Irveltiti* 
ftcnrWA with nhlfUi I Ji center; O^incS 
bofiaontal dre l* ( £rcidustfc m on solid 
iw rending to SO*; two rows <,f 
from U to KW 1 in opposite 
ft: b-tuch vertical rite Jo: 
opposite vernier* reading to 
minutes ; i wi> reading ami 

p U *b ohmic* for tach circle; two 
ptato level* ; Htf-lucb tavcrtifpg 
telescope, aperture IX inches* pmeY 
27 (IbAieter ; 4 t£*lnch Mrklsng level 
to tdeacope with reversible damp 
titul grarfienier to telescope : 454-la. 
I rawer*? striding keel a* In No* 
Ilia: fill'll stmlm wire*. 

Weight of instrument about 15 
ItMt* ; weight of lii]*xl 10 to Vi lbs. 

Price, a# above, $ 14,%*0O 



No, 1 1 b, 

t& «iidf b; C. h- Htrr*f X g,itii. 


No. 1 1 b* Com- 
plete Transit -The- 
odolite, touts vt no 
striding level resting 
on top of pi vnia at elide of 
eo&Uet Iu wye »s vertical dr 
clr* a* in cat. Sire and fur- 
liculnr* as in No. II a. 

Telescope Ua* no level n nil in ciyu- 
sequence the vernier frame of the 
vertical circle earn** a A. inch 
level by which a complete control 
of the position of iu vernier# is 
assured when vertical 
raejunred. (Sr'# lustufctloas for 
using Universal Mining Tnuwil, page 177,) 


PlicG, ft* abort. $420*00 


\ y-rw — In jiUf# cl a A*-4 lent He jJxiy* in^rim,nt hi* « ftriffrtg k%el jfftriTWl In 1U* «f td Jin xti-w., 
whJth cm ccimnmtiiJ era tie Wktcnp* whtlhtf If bfea&tfCt ci t in ,1 rtvmfd rA4tU« Tkk MtsdMef 
wniert in* nf tb# tttacepc lev Urtdin* jkjHt w ^unpi* in i** Tf#n*U ** in It* Wye kvel Oil 

™ «wluw i fitcil kvcl to lh* IdeareT* <tmn* j.U if*Ht Jr# tUftdJM uf hn 4 *uiTWTC* fn ircrmf of £r**t*r 

/#■* ***. #*/ »4** ft^frriy &djmxt*4 n u #*,„> *t ,t*d —rrt 

[* **** J " **/*ft**nt f* i# t*r Ifndwf £jmrJ WM fjj frtmur .*/ /v*<r.p Aft'nJtanrfr* nW /# 

j * tf tf if rr*ftr 8Mty U iv/mr?. 


Pfo- 1 1 m im) Sn. 1 1 h, '^vnch Enb yrtJtrtiei t- ?c*4 a to'*. 

Nik 1 1 bp pni^^ilcd 4 4 S "in*h iTn-tinjc le v *• K tn irU 


Pfo* 11 b, peavUtd wlih * ftie-j fertl In 

K,k lie* ?-i r* N lercl tn wi’ ^ilctfck, m in S*i. 1 1 B. 

No, 1 1 m *nri ,\,r. 1 1 h k wiiltMif r#jEt#s i<‘ Tvrtt 

Pf». 11a »4 J(«, 1 1 b* n i iirT II »ij kitl t'f Iht 

Jfovf —If 4eiireC * Uwl is Jn Ve. lit, wiih HvwiUila cUn# *t*l piSilMr in lekuotv 

can be aiudiid U ^ FUtn f r**«il 'Thsmlullt r+ II* in }C#c« ul i&udfnd Frli^, aryi.uO 


Pri«, vtln*, mt XOO 

• 4 '» |OJ0 

“ ** i«SC 

•* ** 1 1K* o 

I.M1 1O.0S 

M S.VO0 



8 ' lnch T »*ansH for Trianj^uJation. 


v- T o ma hr <■ i. itwr* 

^hkli permits the i rev"™, 1 S™?h th* h * ld ? eo P* , *« tn *h«ruL 

(he bearings, *" c '* ‘“™P* tbrough the standard*, as well as over 

fo«d o{ W and is of II inches 

with »jV tl vertl “l ,*tls provided 

lo rest cni the jifrou ^>r it sc *x\* a g wh * , mee Vs * 1 •* incl * itridKg level 

together with a reversible clamp ail t £* ,t,e °, f colligation) 

fo diameter, opposite reniiem readlne to 10"^’ , T T hortiuntal circle is * In. 
protected by a rim which is raUc 'X Urn h^ TM "P*".*"** (t <* 
*™Hug acn?w* which liavi* a l**rr J u /» t 1 ,,,bl ibl ® ln*truineiil Jias three 

proportionately UrjS the InsiSK^ ^*Xmi““ d * he being 

Weight of Instrument 18 lbs.; weight of tripod laibs. 

1 >J * I.SW,, w**« cW te uIho» PriC< ’- *" Rbov *’ * 4r ‘°- 



1*1 


TninMlt- Theodolite. 


An nafe t*t th* l . *» lofirt *f Kiffl*wn. 

Two OfUieee iiwtruiiHia*. nlwwn lit the accompanying engraving, wwdwlnri 
eml constructed for mo In tlw Gmwraplilt'iil Exploration mwl Swrwy WeUofih* 
ouc-lmmimltlt mertcUaii* and ^xlOfaKtei) At llw CVuteri ul*L Hi the l tilled Sum 
Um'L'niiiH’Ht HuiUlin^* l»v UeuL George M. WliHi'i. 

'Ho. |;i mil Ho* 14 represent tliU Instrument as niea in the *M<1 far rHatk^u- 
latiotr. »tiil as used for aatronomtatl ob*rrvinion*. It U deslfmed to combine in a 
portable form of construction* the t’lflckiiqr for field use usually obtained whit the 
Urxv* claret of lactnuneuti* 

Horizontal limb b 8 Indies In dbiraeter, oppodtr verniers reading to Hr ; vertical 
Circled Indie* In diameter, opposite vernier* reading to W " : Objeet*gl*«* l/j lie 
clear »prrtiinr: r.wui 11 luHu»; power* of two dln*ct ey^Jece* rrapecilvelr 8J 
mid lOataineter*; Mw<‘r<>r>lbi|cwal tyepitce 40 tllniiHfnj sjnfiwtvel altwiu 
to telescope slid striding level capable of reeding to seconds of ftfCi *tirco leveling 
screws: split-leg tripod : low standard* ere <«*l on vtmlor-pUUs; tvro mro eumi- 
smb foriwtoiiionilrjtlohM'rvetloiu; H% iwh needle; rotwid level for wrnleMilete , 
spUler-llm* micromotor; litstrinncnt b libbed titrouglKHlt * bmp, «f m ami adjur-uiMS 
plum* reflector; Mmshiule ; adjusting pine; case mid strap, 

Ttw wclgtu of whole htatritmefit Is U*4 11 >j?-; weight of fcripou t ; 


Theodolite. 


Nt>- 14* l’rki* of instnimcjit, same in size 3* that above arranged for 
trbiiguluiiou only, without extra aumbnU. diagonal eyo-ph*ets etc. 


4 - 3 . 





Astronomical Transit-Thoodollte. 

*» nail, hf (!. |, Hrirr A fill 


No. I t. 


!sr, 


No, 13. 



k% m *4* h* i'. L iimwr A 

Rop«tliitlioriaontal clTvlr.-lglit. m.w-rei>r:ul>.j< vertical circle H lncbtf In <!)• 
.MW The former rim he provided with ± 3 nr I render* rending In 10', the 1**' 
ter if provided with ivrmli** rvadlng to W- The telescope ha* a clear nurture 
of 1 ml fJ a focus of 1 1 Isehm. Striding level and tlUr micrometer rend to fecotws 

of »rc. Mutkogauy box. etc- 

I 'rice, nil complete US Incut, 


» 


1ST 



No. 15 a.* 


Alt. -Azimuth. 

■V', 5 '- ■ ll r h 9 Hirer, two 

uiH Both i V l - , * ,1,1 ">' 

under the m Irrometf r- m 1 i-rum-. T li.- "‘V't " f .* h<> * f,n<t "‘* u,>n 

of Il 4 lncli an 4 « iHiwerof iidiiiiiitst™ V V WMiuihi tut* utmr-rrtur» 
■oil uilfi a hrnt»ijl*l win** for It vi-Jh^ MiuVi 'r ** ,> ” >VI ‘ W,U| u U>p 

•rttb ft ^rtWI wi™ for Si ow H «,id if <MnS 

bMAp' vhmid lV]i*«N*tit* iivi . # i 1 1 1" lw n»vmd In itH 

tewKul -:: .v- 1, ‘*‘ -irl'IiriK anil ..ilrrtJoo^ 

6WV0 to ^ “ 111 « -WroxiomU 

■ l'rice, ns iiIkjvc, $380.00 







All** Azimuth , (tH * n cuf. Circles* micnjinetarvtniotrecopea 

leading to fi s^coudf dltVft, and by estimation to single secondly Tele*<xtfK.\ UJ in- 
aprttuf*; focal length* Tfij inch**; power, 32 and -IS. Tclc*co]>c nxU u 01 hardened 
steel and balanced Gy friction rollers, Reversing ncjmnimK Complete in wh? box. 

Price, as above* $020.00 
This instrument without reversing Hjifmratn* . It***, $100.00 


No. 15©,* Alt*-Azltnufli> us i* raitik.r*. Circle* ID) tnehc* diameter, 
raa«t#wHntofQeoopfl* wading to single second* direct. Every idugio degree ftguied. 
Telescope i If* Inch aptirair©; focal length, inches ; power. *0 and <0. IWsW® 
axis is ol hardened steel and balanced hy friction rollcrv. Complete j n two lx?***- 

Frio©, an above, $1300.00 


* Sh PntK*, 




I 



Price $ 080 , 


1M# 


;.T7- 


Portable Transit Instrument for Latitude 

*■ ■*■)» t, C. L. «*ra«r * Km 






Portable Astronomical] Transit Instrument. 

Now 17. Ap«Ttuxe ol 3 In.; frum* 391m: *p[<lrr4iii<* or^In^ ml* 

crom^r; diagonal ey**t>iwo nmgiilllcs from 90 to 130 ilbw; Kamgdrn cyc^jiirc* 
magnifies dim ; striding levrl rcuili to teooiuU of art?; adjustable mirror to 
the level tkim below: level; plrot* of liardnuNl iteel; wunll a<y notable 

plan© reflector; two Samoa and arms; tvvmfag api^nim*; two dmllng cfrclcp 
each provided with double vernier*: cauldron fount? reel* on three Ittfllng screws 
of steel, wide h are provided with foni-|datt?*~-oin? of them h adjustable to set 
instrument In the nHiUba ; two etc. 

Price $1900. 

(Xrtu* +ftku /jurruwHi, -mitk fv!i Jswsrrltifn. m 7*4*W* Xrtv J^iJWri4/ mAr 

dWA-.V " TrMmiiiX] 




HU 



Aiifnmomtriit Transit, I us I r nine 1 tit* 

-U -«*# fur V. *, Ijkkt ftwvff. 



Equatorial*. 


Vo. I* Portable Equatorial Telescope* si- in * <u <’*-■ inm pllUr; 
ciod; |iri*ufcjitk a UfiLialnatiiitf itrriiHgrMncnt ; t t imitbn down 

to tlii? eye-end, The in a (?null«-|HOW Ut w !iioh £l 1* flmil v atlaclmil 

by two bms- eiatqi*. The leltwipe-tuh** Is of ltm**, ptdUhtnL and provided with 
rick nn4 pinton adjustment to focu*; tinder; live *»n ouomkiU cye-plecc* © ( l‘Ji\ 
SX). 300 and 400 ; one solar eye-plwc* and «m o terraria! pamrntie cjre*pface. Ths 
declination circle U graduated on *Uver, two opposite vernier* reading to minutes, 
TH*' Hour circle U graduated uu silver and Im.® two sols i»f graduation* iui4 verniers. 

Price, a# above, Si:s."vti*tH] 


So* 2. Fixed Equatorial T<*1 «*cojh\ \p*'rtun\ 5 Uwtww. Cart line 
pillar. Velcueope it* made of bra.**, Uiperliitf t ownnl& Iwdli oiwU. Hack and pinion 
motion to eye-cml; finder; live a*minofuk-al «ye*idecee Ibh 300 and 400; 
llrwl surface reflecting prism for viewing the -urn; diagonal eye-piece; transit < 4 j» 
place ; position micrometer at eye- end of telescope, graduated on silver anil reading 
to minutes, with quirk and alow motion damp and tangent screws; large di*cllna- 
lion circle gnatuftkii on solid silver ami mid by inkp»M! 0 )H* from eye-end* with 
coara pMluation on 4x1^) for mugh w>tdng ; hwuH’ln^ graduated on silver with 
two ect s of graduation-*; driving clock, which can ho changed from Sidereal to 
lunar rate, and additional *low motion in right o*lvb&1oii and declination by means 
of rod* and handle* brought down to the eve*eod : striding level to determine th& 
hcrhtontnl position i>f ibe diadiimUot 1 uxi* lu order to use the Instrument m* * 
transit; prismatic 11 lurui nation urrttiiswittciit for mieEonwder, dodlofttUin and pose 
Hest quuliiv. 

Price, n* uImjvc, $2130-00 


Uon cirduii. 


Ko. 3m Fixed Equatorial TcleM^pe, In X«>. 2, kc*t quality, but with 
4- Inch aperture uud *> eje-tdetiea 35, So, 155, JWI, 3t!0 and I'sO. 

Price, *ain 0-00 







No. t. 

Portable Equatorial Telescope. 

Aj^nuno* S 



m 





Artificial llort»<wu* 

Mercury ftlorlxon of boxwood, with Nilvrr-jiiolodcappoi t ■ u^tioof 
rxNi tar im-rvurv ; bn im reatamrulir roof with ooTcr® load^ of 
II conplrte, paclttfd in n box, qiallty, imported* * * l rice ( •30.V |r 


* S« 


m 



— K lr yiirntr or optical S<„ IIlro . . 

$n IVr**. " • #0.00 



Sftxttmf t Rod Jug, 7 14^0 > 4* , 

M wBooUa* *«»»» Bw Jar™ aud the 

of wlik'h can }** lunit.tl on . lt j u£», llio Finn]] raOMUli/ mlrmr aJi 

u . m ‘ GuliWn Me-**** Yi-itJ. pvini 'L r With powmof 6 nml 10 X 1 

fc= f? "rf to? SJoStoS Jg"7 3 ^ i 

S 1 ln ^ V™ 1 1'mliiv. rra ' : “ t,n ^ "**0Ag mirror Ttf 

Sextaul. a* above. Bndlu»l« hjfa. ?n ' 1 r ce ’ ,ui « 1:10.00 

P<»cket Sox tan t, lw*t q u.Uitv “ r, ‘ |B u «- * * Vico, 1 ,-,0,00 

— * ***** * 4 &Q 0 

*3w ftdbe* 


w 


Current Meters* 


« U cwrtirt mutt*. « *hnwn in Fl** I. !!• nA IH . k«l '™ 

t>rJ , e |*. if,* irtrrtft ttneM* •ini* ami *«6c»li<rt1 In *lw a* fthowi 4p- It* V, «sjj 

i‘ < 'ai Jny it We »r , . $v«t»«rc4 t* 3i*Jcc to v*ikf C«IW* Wflrr Nu, 11!,** by 


)4w^ki^bTa«T7!w ft" ft mi i*<*r tV «nwt of tV *5*5***. 

i^SSTL SSSlTi^i toiiby* m *«* *>** in ^ 

tribune, *Vn tt crd* In * i** ritffcra «** »« <h* 


nrt a **'*.* b» 

Tlirn U Ah'.) it iticlMf 


The 

- 

VI, ihii <m 

\j , Qcmtni HfrftcV.il ►? dn>i*<d. 

Current Meter No* I \ * 

The electric form of meter shown In Fig IV U especially adapted for ot**mtkrt» 
neon tana rivers arm* of lb* «m p etc. It hits il» Wowing ijiparaiUi above Um *ur- 
fjiVe of the water. or tm Urn hank of a riven and eutrem mw^remenu may be made 
wiOi It m any depth, and may be oraUnuod for a wreck, Or I of»g*r, without Btoppttig. if 
,l c *lmi. Half a doren or mow of them- m*t*rs may be rifU| on one and .the juui* ver- 
tica| rod or wire* ami jfmalteiiwiri obsecration* then taken of the vdocitlt* al illffrrent 

dcplhi) brlfiv tho sarf^ , « . 

This f-nm wna used u&mn the paging of the Connecticut Ihm* by Omeral Elite, 
and wn* fMgKwd particularly to avoid Ike catching of Hunting «ib*ui«ce*. m«U «* 
iDQW »od gr***, n pm either the tmix* or thfl axis, and to Wfukf the ranml of the 
Insminiojit A dependent of the mviitlon of ltamd*wirh respect to It* lluaot the current* 
al*o, to gel ]*** friction upon thfi axis so as to measure low feloetUi* accurately, 

nfci luntifi mtif-f UiroTilfvsleiS ore 11 th* pkdlikof AntneoHffft difliiin« 

lt -_[ cijm wtlh 4 iJErwjrVe »rcr* „ ftfe fr**i* cunied *t the rndi, arri Mr VTam* W(l I*?* 1 *" *h* ce^iril fc»jb, »*■ » 

if, otfrto# ol»*fittlkfl to the *liy»ni« *M i* mw. k4vr^, ■* pa**. « iht ^Tttcl ««lm jbimgJ Idb 

U .1 .!> U.M HB£. » IhU Ml.* •%)*> M «M.W -«f*.1ly, aat jtMU^ w r jfl** 1 “.'j* 

■ ■ -i |, * jf.d icrccft ibrti Ifriti ft^iiirra Irw rumJn ifjrfliifTs K-anniri. im Ur* w*5 

tncj rt| ike Ifiiw unu> il.c «VI rmt, V turned And it a&y jK*ilkO f oj *kl tV dutrai hm 

h<r.awal, wfrtkll, ct «t ft** at^k. 

FV ekcirifftl i 

wtvrrt ihe r 

qf« 4f*t r«l ihc mhed huiie. wtifrw <*•*■* 4rt * , -, ■ .. 

rin< I* s*»dw «l jJtemftiir iiit^icbftfipftitik *cclk*i* cl -wlwi aid hud woKj 
, . t h a , it.-- ufniilrA b-r cV’itrcd u> nsl^** - wwk <* N r1 «™*s M i 

inf oi im-w in tVe Vf-l v iV iriMac r^rif d*e c^tsw, lev die reitfffi wbkh <40 bt a 

ss saftssusrissi SfsKfir t'sirssS 1 MssTifi.” 1 eu 

Ptk'o coin plete, «> in ¥'■« IV, whlutectr^ wglrtef «'«> on® tat, « t T 

etc* , tiarktd in three eaw-a, , . ; ^ 1 - ■ 1 ^JSS’/K 

p r |ee of thte lostrumeni witiiout cleetlic register and hnurry . . - liw * w ' 

- FtefwtVflricsTMikooa lib pftint, «c OwlG* K WiWi R*i«« ^ Smyiso* Etft-riwtkos 

*' Kv^r, 4, -I' « AV- *w f'/. «3j»- 

|l|A» IT lava, t/itifj s'fV-ftMir. tfu »uV JV *#*/ m< ^ 

Current Mi*ter No. \ * Hint No. VLt 

A n ^ /n,*V 

Tlilt, form vl Cwnm Meter to sp«cW1y adnjitcd, for obM fTttUWi, iqiOB MiioJU-r 
river* »tn .»ii:s, eoadutw. flumes, «c. It is prorlrlcd vritli » muiUrrui^ 

For am rxU-mit'l oW-rviUtoii upon river*, ett.iui el .vine rrewn-r nn J balU-r? ^Inur 
to those used wkh K<V IV cun W supplied with till* tartnjitK.it V lb juj * rh « h I * 
tv i tn plot cly proteclrd by n gloss «>w. u shown by out M j, 

OOOBtlug .nochsm.m is opswted by s siring, bv mwim oljbLOitbodUlT.l.'oU ^ 
throw* lr. * ml Mil of «nr. One short poll on t(ir string lm>w» tho» X™ T - * aU U ' 
■uccooding poll win throw thorn out again i the next otvo m, and so on. 

Price of Current Motor No, V, *«l>pH«l only wlth ilic or.linsry 
red-tvrliig n nisi rat us. as shown m thv main cut on page VU, am wl li 
U feet <d tiws Hillings mad* in swetkma of fnur feet, mm giaduawa in 
feel nod tenth*, Cwnpkw ill iwommm * 
ppl«-« of Current Meier \o. VI, in all reHpcaailinlUrwt^ibove 
but in addition ia the ordinary regi»ten!ig apparatus 1 lhi>* iniirnnnfnl H 
nroTided with an electric register, one teUOT «nd eopperffue, V 
!<botrn in ihe swmllex cut? on pa^c Complete in four ease*. 


(ill 00.00 


4220,00 


t F« farther iNfoitsidim an ihb C*rrvm «*d intjciMbm 

' * ‘ ■ |V at Wcikf lot €***&&+* ^ *«* Vi “ * 

( .... 'I’r.o 1 - ul Uie Svdrty erf I iTtl, Itit Jft*i IftTt*-, \) • 

TV (.Wrf VUlM. Mf'tsr iUA » Rr*«.:n -Vr 1h« W»« „ nt »M*Oy <* 

I. Bdo»!h* Sitter by F P. sicu.,>, •* ’b* An ”“ 1 v 1’ v M lls V«!» 

civ, Kt - h.ij, M \m> 9 Juiri f i f | -I, fk, \ All . Am ^3). 


t«f ViMr, rrjrit rfuros: 

A s**d F. I*. foir» 


Cnrront Moter No. I V. 







Current Meter* No, V and VI* 

Aft UMilt k) f 1,. n*rg*-r * %<m»* 

For *fe, t $€4 


m 

For U*t r4»i»b|ti^ pf oir rutwn *)> ihfiD ■ !|»i n r 

■ l-fc. Ml mm rt u,,. ir. ~l •> Vi„' 

sSUIaafk*. an.1 Ihr J.rtfrt t»!.U vrp< I Ma lira I with Ihu.. i« fjj ««"k»* rf ** U> 


Precision Panloyrniilis, 



TTi# arrr.i of tS r- v - 
f r*m m **vW |Mti ripptri i±% 
UTrbtg **v mciintr* 
w Tfry -iwf.jl Jc* 


K^P* *■ *° ftfiEuitl ME tb* mr*r, 1 

■* iwh |n (gtX ill* btlf# ■ 


vj>|>tf4jtLd 

itb few)* 


MU* » rrry omtui Mr " - W K? 1 i4 in ™HC* P 

wtiM jjL Jf(e Tlii to** *rtn» *k kfiw will In ctm*. 

1 * 1 d 10 m4lhn ^*‘rt nth rtttiVn r«adjr*£ n> ^ mm For %t< of ih# 

Vf ! **** “ , ^ ,l “ "* All i*W vlnp tun open t*.t*r j*|*a Tht dbct«»j^ r M r<tr 

Ur^t !o ?** ™S*r a »» ,«< **i» ^ ^ uu.« ^ t ( * i 

-Vi i. ■ I P* M1 ***** *** imefthimJwliW. 

>o — Sumtended PaDtograph, arm* about ind*e* lonjr, in wooden 0 ** 1 *, 

Vrt , irt 0 fc . Price, its* ulMm-i *150.00, 

' 1 «w*peinled Pautojrrapb, Anns about :w i„, h-> i.^ in W i*d*n C j*e. 

VfTT _ n . Price, 11 * abdfe $180*00. 

*W« "*• *' * * "■ * ■vfcd, "Mr. ,;r *11 

- m . ^ „rtT < * rnt '"' jt ‘ -’ -aA ""■ « n ^t«t«rib* » ji-w<h Mjutt. or sn «4l«a, iji * » UxUri. 


Plan] meter. 



All instrument fhr measuring the areas of plane lurf/iecs. Sy pan In IT n nointrr 
arouiul timr poriplM'ry. It m yf gmt coitvoiileoce to nil of unjHiwk ami 

I tract 1 nally apjilk-jlili' to a picat variety of purpoma. To inttunre the area* ol 
li^tirci tltac ate iKHUiilcd by Irregular lilies, such as :— dralluigtt atca- ; lots ttotimied 

via lou s7a t r u ^Ir^Tl ' m' ' r , Qf 10 S'* 1 true average of Ollier- 

viitlotis taken at iniKiiiar intcn'uls ; to measure Indicator and other dlaiLmuns ami 

ftr tunny other ■ pnnkm. (if engine,. ring work. A* Ui-ie lu^rtlliieilU will not only 

number o7*. ( 'ri ^o/l^ T' ^“Lf'f 0 al ^ <>•'«»'«* arv.i. aud the sum of any 

iminlH r. til HI rle* of such multiples, at title operation, they nutv li- used to very 

K rcat advantage In the calculation of the cubical contents o? solids; a T Iri the cal- 
ri uf £■" 'l^ <frtl ' ,,l '/n r ^*** C ‘i S, L ‘ 0n *fcl»|tohitau article liv CleilieitB Ilerwhel b-o 
* U the p d 11 ^** /o “ r " , » of ,hv Franklin In slllule for April, 1874. 

and the din* t.ou» for uw- wlikh we furnish with each rated instrument I'srth- 
voirk incueure afrits, made ui the manner Indicated, do Ni/r mart /kr plnttiva of 
ertweat^ems. i hi' plnnlnM'lem gnidltated by us are rated to reitd -Umirv hnchT^ of 
urttu. stumo- e-ulmieteni of *reu. any multipln of these «t»',vs, and -., a- to give the 

Mch" rabil hiMnjimmt >r ”l-u if U ’ U,<1 “*S nUa « to ,lM ' -*lw«*lo“5 llrnt will act^unpony 
never differ i ' mor hm, loo’ 7 r,fcW!uU " mewurament* of the same .rest need 
hi the -Ime ii, Jl" , “ "’I""'* = and by rv|«sitlng the irwasuremeut 

Of ^ ^ «**■'** »***■ “ instrument, the error 

jnchof are! * «» *»«i “ “niAll fraction of one hundreth of u wpiare 

^ j 1 ^* Priff of Instrument, wt^n rat«l as alnyv, indicated, . . 

nut 11 but wllb all i Mir Itu|irt*vp*aiejjUiy 2N,tKl t 


Precision Plan! motor*. 


Tb$»* Planlmrrer* Are my much more accurate than the ordinary Pobr Pi*nL 
meter*, as represented on preceding p*i;e. The graduated roller* do not t£*ch |kj 
tiajrfT at all, but roll, instead* cm a hanf, highly polished surface of at eel* thus «4lmdi*i* 
mi *11 errors duo to the irrrgu Unties of llm fapcr surface. 



Xo, 109. Large 8n*|>rmtotl Hull Plum motor, 

ThU ititc rument U c*ju*t»le ol doing tery accurate work. The trtour arm in HI 
Inches long. the ami i inches long, and the diameter of the too 4 h«<| circle on 
the pole in »’d tnche*. The angular motion of the tracer arm is about 

Surfaces from 2| a 4 iorbco to 7 x 10 inches rail hr measured without morinr tltu 
pole. 

Price of instrument complete packed in morocco box . f7r»d>0, 



N’o, HO. I«trjje Kolltiijr Ball lUnntmcter. 

ThU instrument is capable of doing wort more accurately than any plnnimcicr 
yet made, both on large and small aur faces. The tracer arm has a length of II | toclifll 
which can hr tncrt-awwl by a lenuthciicr to I9| hiring Its angular motion U about 9‘ *. 
The two roller* art- made of exactly equal diameter*, ensuring a motkm of the instm* 
incut, aa a whole. In a straight tine, 

A surface of onv length and of a width of 20 Inches can be measured with the Ihf 
inch tracer inn. 

I"rlC€? of instrument complete in ntttfooco box with lock * * , |&5.00. 



I 


aoi 


So ni Pocket and Marine Compass. 

K ° 1U - Burt ‘ ^ Cx " ,l P“ 8 -- w ‘«* ■«U«wl..* socket and leveling tHpcd, M3C M 



So. m. 


y®. nr. 


No, 112, 
41 113 , 

“ m, 

" 115 k 

“ llfl, 
“ 117. 

" 117a, 

M na 

* 119. 

* 120 . 


fockpt Com pa**. with folilUig right*. iitf Inch nctdie, . 

" * iHxnlte. Jaccih Suifl mounting*, . , ' , 

KKktti joint WUJi lwl ’ Mdin S tfshu, 4-inch oeedk, with bull and 

Vcm^riWt ComjHwi, W tech nn.xile, “Tripod " 2 level* . ‘ 

rrtHnaUc Cotupn**. compMc. with lulmutli gU^e*. mid divid'd alumi. 
mini rtftfc 3 mcli I^t1n*r hJmg I'm ft**: kind , 

* I'mtimtic (Aimpo^ bnmurt* of Improved pattern raulr 
Micioucd lop, card djnl, 2 lucb, in morocco cm- 

VoctHCompw. Wiiteli patt*™, bn** Itf inch** in diamokr with 
lUiijtwl txjvcr and *top to iw*xlk, . 

SH? 1 **®* fii !h ^ tch stop. cnamltaft dial and 

0 *£*!* c f ntn ’ i Uf* inch™ in duunetcr 

Iwm Ltoukl of ail «i»« ( from frt&oo lo &L. 0, 

nU.lHJ and 


$ atm 
HM 0 
11,00 

Ift.OO 
aa oo 

30.00 

11.00 
1.75 
ZM 


Miner** Compa&#e8. 



xo.m. 

So. 135. KW C«B| p«*, provided with Mo,, m.d glr, 5a cover*, for tracing 
lafi Mo i ‘ ,f ‘ U N,,rw « ljn needle. ...... E 

Mll>rT * I oniim.f,. provided with stop anil gin** cover*. 4 In. Non 


Wallin need 




$ 11 ^ 

Iff.OO 




No. 14$. 



No. 1*6. No, 147* Nos. m & 153. 



No. 1M. 


No. 115. N*>w York KocL with imj»rovi»i| moiiuliugji. * Ml M 

Extra Target for New York Hod, far nw with gradient or, or sta- ’ 

<liit tncuiutttuieuu. * . . 500 

Extra Clamp for Now York Rod, £25 

« 14& Philadelphia Rod. 14 .00 

Extra Turgot for Philadelphia Hod. •*«*•** 500 

“ 147. Boston Rod * 4 . t • HJjJ 

* fc 14*. Mining Kmi anti Target* o ffad long, Philadelphia pattern* - - 

" 14!#. Fh^tblr Self-reading Level Hod. , 5*25 

Tfeia radii pre :*rr d <ra ca&Tia aid * m be rodfd tip. When irtcd U if btfiRd fipOfl * 
f>M4d aritti ihunb f-urkf. 

'• 150. Metric Urd Rod, Philadelphia Paticrti, * 1WW 

** 151, " '■ ** New York Piittem, . . * , . 


Hanging PoSph, 

No. U1 Six fact long, of steel * $3,00 

'* 1Q3, Six fr) l t long, of Iron tube elevens lx lee nth of an loch In dhnn,. 

with steel shoe and divide! off In foot, which arc painted white 

and red alternately , 

** !34, Eight feet long, of wood, with «teel »boe and divided off hi feet, 
which are pain ted white and ml alternately' ♦ 


Palm*’* Stool Tape -Measure*. 

U imth wide, I* Uilhrr rrllli Ham ii*u4k** 



* 0 ' r ^ 1 WtaeV Steel T*p<?, lOrttM 

“ ica. too >* .. m “ 

In centimeter*, * , 


In TOths, 

«i 


<in one -iji;, on the other 


sujoo 

nuo 


• * moo 


Chester m anV steel Tape Measures. 

\ Itirb «U», Ip tether Ho***. 



No. 163 . 100 f m 

* m. m " 

- 166 . f -0 ** 

* 106 . 33 * 


Cbcftternoafi** Steel Tape* divided In lOths* 


^n.tK> 
SKHi 
. CLOU 
SOU 


Chesterman’s Pocket Steel Tape Meaatirea. 

t- OHwf Oim, «(t|f »i wlap. 

No, It;r* 3 IWI long, divided in lOthti. 

■*# 1 ■''w "" *•■•«** 


ICS, 

m 


lhuet*rg oil tin? other vide. 


on one *iilr\ and in ^ntini^ters and mil- 


$ 1.50 

zm 

3 J& 


Sxcelalor Steel Tape Mtnumrea 

H teffc nldr. Ftf r*t HriM Kmi* wit h HtodU. 




No. 170* 100 r«t Excel §lor Steel Tapi** ilh hhnl hi 10th»* 

h in. 50 m " ” 


Excelsior Steel Tape Measures* 

S Inc* ip 14®* U l**lhtr 


* 11.50 

e.d> 


No. 172, 100 fe* I ExcvUior 806*1 Tfcpe* iliv UM In 
- t 73 . m - •• 44 

“ 174* 60 ” ■' 14 


. 1 11.50 

. • aoo 

t * *80 



Lufkin Steel Tape Measures. 

?. lari hI 4 { Im IritWr MM. 


K*. 200. IX ion feet Lufkin Sled Tape, dieted in 10ih*, . . *1 I/O 

Ko.mil* 50 ■* «* ** - ■*.**.. 600 

XfK 10:i. 0. 50 44 44 44 14 44 44 { Lodi Wide; 21 

Inch itia,; 5 07* In weight; («n l*r> carried Ifi v*Ttt junket - ■ 


/ 


4.00 


m 


Lucas's Improved Steel Tapes* 

% Imth 1 * 14 *. 



. Al1 manufacture are r from the b it mulitj of dock- sprint 

onedourth of au inch wide, and of thlcknea* lje*f adapt#*! to strength and Wxf- 

bllUy* icnijiert'd utraigUti and graduated 
ander reunion, being drew*) oft etrvl bar* 

ftiide to corwpotiil with V, S, Misdaid, and 
ft ex guin»l(rt*d lo be as accurate utny taim* 
made m this co tin try, The graduations are 
made each fi™ f*et or Irnlsu, nr cording to 
tbo etyl© of Uiv, by brass or german aflrer 
wade firmly soldered to the tape, ttu] marked 
e«h side with plain figures In such a manner 
ns to be conveniently read from either end 
without liability of error la &hihi~ Tho in- 
termed iato points of fcej or links are marked 
by a small brans rlrei through the tape*, with 
raised head on each bide ao as to be cosily 
*e*u. Each emt fi>jl on Kt> i: lsi«« tapes is 
graduated to loath# of a fool* The adjust* 
menu for taking measure are so arranged 
lb it no difference Is road* by the use of largo 
or email marking pins, t be measurement being mad* and taken from the same aide of 
the pin* Soldering of the number bands secures tbrm from peeling up or rusting 
underneath. The method of a umbering avoids the necessity of changing cods of 
Up*, it works mam wiih either end forward. 

No, 17W D, 100 feet. Engineer’s, graduated to feet, uoch tiro foot by eotdored 
tsicis uiarkcit rdUi dgurwA, ere! Peet to tenth* nf a foot . . *4 00 

No, 17* IL *W* fool, Surveyor's, graduated to links, with figured bands every five 

link* . 3,50 

Folding ElrsM Rn], $2*00 extra, lira?** Snap Handle*, ;$0 rent* per pair extra. 
Teem ton and Temperature sent with each tajto when sold. 


Rog*b Steel Tapes on Brass Reel. 

% Is eh «Ma 



Thai® upea are mad* of superior *re*1, i( inch wide, graduated nwy look by a 
bratti rivet, end Intln te«tk Every flvi* feet b*a a brats plate with Hi* numbers, 
and ovary i*u feet baa a coj^ar plate with mu it ben. 

They are graduated from a standard taint certified to by an officlfd o! tlie X \ S. 
Cfiaai simvv i vpartueiit ** correct x% a temperature of F. 

No. ITU 1.1. 1011 fuel long, "raduausi eivry font, end foH in tenth*, . $,*,00 

7 A* tO *' 11 ,p ** i4 “ ** •* w i | qq 

iTieea &bcm Include a Extent llr.M* K«*l and pair of Patent liras* lietaehnhlc 
Hftitdiee. 

Brea* Reel, without T^pc t , , , 

Detachable Handles, per pair, . 0^30 


Standard Sivvl Tajio Mcttlfitin'H* 

K*r tiij »4 brifr* l»«*rtact In Itnicf b« f«*» 100 to iunt r«*u 



No. 


Tht^ an* of ***art I'nitrtl Stul«** Standard and have no joint#. Tfw>\ nm 

genorally mad** in lengths of 300 f«*l with k nuiuutii'm* at every 10 fo<*t, the lahi 10 
fot't gi-AiJuiitnl in ^Inglo fn-i. ami tin* !a*t foot Into lOth*. For mi l mud ami undet 
ground work w«* frvHiuently furnish th»>m in length* of 400 and SW foot A oluiujniij; 
handle can !*• funded t<» attach to lhi‘ ta|*» at any doMnd kiftgtb* if Shorter 
tuetaim 1 * than ibv wind** length nn 1 lo be iwide, WoulMicftu furidnb a 

email bfttSA damp to furtcti on the tape lu cirdvr tu jouik leogthd Uml in* titfed re- 
peatedly. 

Price oftnpr IOC) fad, graduated at every 10 feet, tin* I ant JO fa*i graduated 


In jiliigk' fad, the ln>t f<K»t in Ulthm ...... fU.OO 

Price of tape 21)0 feet, graduated a# above, ....... f 11.50 

** “ ** :um “ « « •* ....... I ? AHJ 

* a ** ** UMi “ ** ■* « . 2£60 

** *• •* soo * 41 41 « ....... 2 *,O 0 

£xtm to Standard Steel Tape Heaatirra, 

Kadi additional graduation ntnl llgming £0.20 

Rod, bandit ami *u*p to wtml up tape 

2 lar?o» bro&§ handle# to im-ldp. i 2M\ 

Clumping liuiitlli'K.rnoli. . ......... l.M) 

Small brass damp U» £a#teii on tape. ........ ,75 


Metric Steel and Meta I Me Tape Measures. 

la bilWr Moitf, 

No* 101 SKI Meter Steel Tape, divided In tneteraand centime ter#» 9 mm. wide eiu * » 
14 1£ *2 10 11 “ ’ 4 44 “ " SI “ flCO 

44 1SCS 20 ** Metallic Tape, divided in meters and centimeter#, 17 mm. wide 3,50 
41 l£*t 10 14 Tape. divided liinwtereaiidoruiiiutteiv, 17 uini. irldc &T& 



m 

Chain*. 


So. m 


No, 190. 
" 900. 


No, 3CIL 

*• m 


^JXSirtlS; 8 *’ »»■ 11 *"*' *i>". wj 

4 '«*"• '-'«*•■»- '» <■“ '""-i K ” 

»* is ^ " 

icoiink.: __ “ 

Metric Chains. 

ao Meter Cliilri. 100 llntfl.So. la tH-st Meel wire, bnuwd links trel ring*. H-.00 

Extras to Tapes mid Chains, 

Pocket Thermometer, , # .. „ 

Spring Kutaikce an4 I^vW. * * * * * 

**“•**■ thUtl 

Marking Fins, 


trjk 


No. W8. Set of Marltinj; Pins, eleven In * ret. steel wire, X„. G, . 

Odometer* 

No, J04. An truirmoent for raerjaring tfliUnces trmvdod b$ i^rria^ . siSiDt 

Pedometer, 

bo. *». m^urlng -llsune** walked. In germsn silver 


*LMX> 






No* JOX L>tfip iJJunjaiiinu iriiJuiiiori, crw nil ns , rti, for 
BSC L» UJidflrKfOttiii vld ffc, of brui *m 1 with 

ground Ecu, • . * i . $7 .*» 

** ;'M, SituU Pitnmtl rd V**5% ilctl point* 1ft ec*, . « *» 

JlL Ltrte P'uiwntf Lai*f>, ofliraw, st«1 WM ( '< oi , . 1*1 Cv 

fiix t¥v*.H fh^ildcf iCnfn, l>># ja.i of Ifuiwaitl *y.<W 

Plumb Bobs. 


No- 21<X 


Pin in i urt Lamp. 


Lamp 


for Mining Engineering 


No, 300, 


No. 212. Plumb Hob of 
‘ 21X 

44 214, “ 

** 2ia, 

*• 210, 

** 217. 

is 21$. «* 


Bra?** §t<*pl point. *hapo Aft So rut. S ci^„ * * 

** No, 212, II ox M » 

« ** 11 •* in rut. 0 osu • * 

« •* * 4 41 No, 214, 10 OJ&». * 




patent n? t*l So*,, 

« *• “ 14 0£,f 

fop HM ill ihafto* .'S0 Ol*t 


02.25 

2-50 

2.00 

2.50 

2.50 

2.h0 

5.00 





Pocket Magnifiers. 



No. 321. No. 224. 


So. 221. Xylonite Cue, &£ In cut. sUo of lent 1 Iim-Ii <1 ijuiiHcr, . . . fiOi 

■* 222. * 221, ■* ** 1 % " " ... .to 

“ 221. 221* " " IX ‘ *• US 

44 14 n ** cut **■ of lcn*c«, t }4 and \% In diameter, . 1.30 


Gossamer and Silk Hags. 

Ckwanw-r or Water-proof lists:, to cow Transit or I -#vel In of rain or duat, 91. Oft 


Silk Bag, in ©of ex Tramfti, mm aoUd nilftr gmduaUona I.**' 


Lubricants. 

Bolite of Fine Watch Oil, for lubricating Transit Center*, etc, ... f 0*26 

- - 1 

l tonsils for Cleaning Instruments. 

Caiin?r* llair Rnuli 

Htift Brush ior cleaning iicivw- thread a *#***.., m 

Cbamoi^skin for cleaning U n **>*, cemen*, He* ..,*.** M 

for cltanifig cuiicrti ,3ft 


Spirit Levels* 

Kagiuecn* Spirit Lot?!*, of all hire* and grade* of iroiitlYeortiji accuxataly 
ground ami tested by ur, 
l^?r inch, according to k-ngth and diameter 


from 9ft,0O to 91,00 


JIG 


Portable Aiiemmneters. 

Tbi^o hiaUamtttU tu * * txumirelf uaed In 
*tu> lying and controlling tin ventilation of 
dwelling** public Imil dings factories* ruined, 
etc. 

The volocltyof the lir current in mirtwurM 
by menu* of * WfJ light fan wheel, vrUtnae 
rt volution* are reeorJed on & dial. 

Tbit fan whocl in very udiertt**. th* vane* 
being made of aluminum, anil llie ux i** oi hard 
at*el run* In i*wel bearing*. 

The counting mechanism fa endwed In n 
dust-pro -f cant. and «wn readily bo thrown 
tslo or out of action by * discounting lowr* 
The ttifltmmem fa provided will* a Uuunb- 
acrew for attaching U to* rod torus* In inj- 
uring tliOTttodty of air current* nt any P^ilnt 
on the aurface of the earth, mine »1«£te. In 
pi pen, conduits or narrow cltftfttfda In thfa 
caAC the c^uniing mechanism fa thrown In or 
out of gear by pulling on cord* of different 
color*. . . j 

m fhi$ A ntmomtter U wyuUy rated and 
piitd with A COMUffrio* m 

A licnuHiteler t Counting no to IG.OOO.OOG 
ft ; diameter of fan, 3CHI^; complete in 

poUtfhed wooden Itn*. $**.*. (HI. 




The Hriiiitoii Patent Pocket >Hue Transit* 

\ pocket tMfcnMttl which take* the place of a lighting compel#, clinometer, pH*- 
eo«at*MC, tod .... Abn»y kwl* Lwk** ImL Weight 8 ounces. Prior, *»«.00 
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AiiK*e- Mirror * 
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34 
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£***• Mu«a <*<t 4 ml m i k * 

If! ^ reptotlm* 

Hrt'krt ' l ** Hw " u *«’» *Twirf I 
hjr* Tnttdt * 
Cwnfcvnuif* iui<r oV^iinti^ 

.... . W«*OOp« K«li * rrt , 

Uulofi# tm4 U *t 

Center* . ®'" r - 

11 ] * * 1 

furTr**iir» 
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| IWHilDT Taiio, * * 

Trlpt^i ; 

Kwh^' ■ 
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^ssawft'ui : 

>;*vll.-m«., > r „.L lta f* ; 

• jj?l UnuliutoB** Tnl ‘* r " • 


m 

. m 
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Caaplvt# Tr***tu, ll*| fer 
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